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User studies are a cornerstone of cartographic research, delivering valuable insights into the design 
and use of maps, as well as the attitudes and behaviors of map users. The ever-expanding body of 
cartographic user studies maintains cartography as a forward-facing discipline: emerging 
technologies and methods are actively pursued and adopted, rather than dismissed. Alongside this 
growing, diversifying body of research and methods are two persistent, logistical challenges: the 
cartographic community’s lack of an active database of past and present user studies, and the lack 
of formal guidelines for the selection of appropriate research methods. Over three articles, this 
dissertation explores how these challenges affect the critical assessment of user differences, and 
offers a practical solution to improve the overall quality of future cartographic user studies. The 
first article reviews participant assessment practices from ten years of refereed user studies: how 
participants were recruited, which information about the participants was assessed by the study 
authors, how that information was assessed, and the quality and consistency of the reported study 
details. The review reveals considerable inconsistency among these practices, either as a result of 
authors not doing an adequate job in designing their studies or, more likely, reporting on their 
studies. The second article examines recent developments in open-access data sharing, and uses 
those principles to guide the development of an online, collaborative, cartographic user study 
database that I hope cartographers will contribute to, and use, as a tool to guide their own user 
study designs. The third article examines the concept of best practices, which refers to methods or 
procedures that have been shown to produce superior results, and introduces a model to allow for 
their systematic identification. When combined, the database and the best practices identification 
model should assist cartographers in selecting the most appropriate methods to design a user study. 
The establishment of a cartographic user study database (CartoBase) and a systematic method for 
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CHAPTER 1. INTRODUCTION 
1.1 Improving Cartographic User Studies 
A persistent challenge facing cartographers is the tension between old and new. Emerging 
technologies such as interactive maps challenge established map design frameworks and theories 
of map usage. Online and mobile platforms challenge the requisite skills that constitute a 
mapmaker—or a map user. Traditional print maps are being replaced by dynamic, interactive 
maps. In this state of flux, mapping technology typically emerges first, habits and patterns of use 
follow, and the appropriate methods to evaluate these uses arise long afterwards. 
But suppose that a cartographer wishes to evaluate a new mobile map interface. How 
should the cartographer decide on the best research questions to ask? How should he or she select 
the best research methods to answer those questions? The cartographer will likely examine the 
literature for guidance, but what if the technology under study is so new it is not yet covered? Or 
what if the research method(s) to be used are so novel that there is no consensus regarding their 
appropriate use? 
This challenge is not limited to technological innovations. Within empirically-driven 
human subject research, established methods of investigation are giving way to novel approaches 
and analytical techniques (Gabbard et al. 1999; Bowman et al. 2002; Slocum et al. 2003; Robinson 
et al. 2005; Kramers 2008; Çöltekin 2015; Griffin 2015). Conventional quantitative methods (e.g., 
controlled lab experimentation) are being complemented—and even supplanted—by newly-
adopted qualitative methods (e.g., User Experience Design approaches to usability testing) (Tobon 
2002; Slocum et al. 2004; Robinson et al. 2005; Tobon 2005; Tsou and Curran 2008; Roth et al. 
2015). New research findings and new ways of doing research challenge existing cartographic 
theories in two diametric ways. First, beneficially, by continuing epistemological dialogues that 
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explore, confirm, and contradict the existing body of cartographic knowledge. Second, 
detrimentally, the rate and variety of new knowledge generation outpaces the community’s ability 
to absorb it, resulting in a lag that affects a variety of stakeholders, including developers, users, 
and other cartographers developing their own research studies. In 2015, the International 
Cartographic Association identified this lag as a key research challenge (Griffin 2015; Ooms and 
Lapon 2015; Roth 2015; van Elzakker 2015; White 2015), and recently published four research 
agendas that strategize effective solutions (Çöltekin 2017; Griffin et al. 2017; Robinson et al. 2017; 
Roth et al. 2017). 
One goal which shaped those research agendas has been to establish “best practices” 
guidelines that clarify how to select methods appropriate for cartographic research, including 
cartographic user studies (Cartwright et al. 2001; MacEachren and Kraak 2001; Slocum et al. 2001; 
Virrantaus et al. 2009; Moellering 2012; Roth et al. 2017). Conventional cartographic research 
centers on the user: the focus is on understanding how map users read, interpret, interact with, and 
derive meaning from maps. Accordingly, a wide assortment of qualitative and quantitative 
practices have been developed to evaluate the user. But without formal guidance, researchers may 
be unable to distinguish between sub-optimal or ad hoc practices and optimal or “best” practices. 
Thus, a formalized set of cartographic best practices guidelines is needed to facilitate the goal of 
pairing research questions with the best available user study methods. In my dissertation, I work 
toward this goal by focusing on a single component of user studies: the recruitment and assessment 
of human subjects prior to or after their participation in a user study experiment (i.e. “participant 
assessment”). Participant assessments are a useful, small-scale proxy for broader cartographic user 
studies for two reasons. First, participant assessments are important to nearly every user study, but 
there is little consistency regarding which methods should be used or how they should be built into 
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user studies. Second, there is currently no consensus as to what constitutes “best practices” for 
participant assessment. 
 
1.2 Research Challenges and Objectives 
My research objectives were designed around participant assessments and address three challenges 
that stand in the way of establishing best practices guidelines for their selection and 
implementation in cartographic user studies. Each chapter in this dissertation addresses a separate 
challenge, building toward a broader goal of identifying and implementing best practices for all 
components of cartographic user studies, not just participant assessments.  
 
Challenge #1: There has been no attempt to examine existing cartographic user studies in order 
to determine if they are being appropriately designed, executed, and reported on.  
 
This challenge points to a methodological deficiency: we cannot guide the selection and 
application of particular study methods when we have not surveyed the methods actually being 
used, or whether those methods are being used effectively. No cartographer has yet published a 
review of user studies for the purpose of exploring noteworthy trends or issues affecting existing 
study methods. Chapter Two provides a systematic review of 104 cartographic user studies 
published in five refereed journals between 2005 and 2014. The review focuses on participant 
assessment practices: how participants were recruited, which user difference information was 
gathered by the study authors, how that information was gathered, and the quality and consistency 
of the reported study details. My objective was to compile these existing practices, search for 
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notable patterns or issues, and use this information to identify best assessment practices and make 
recommendations for their appropriate use and reporting. 
 
Challenge #2: Cartographers do not have access to a communal online database to archive user 
studies, share study details, recommend specific study methods, and store study data. 
 
In order to establish a best practices resource, a necessary step is to first create and maintain 
a comprehensive online database that inventories the reported components of individual published 
studies, or “existing practices” (e.g., methods, protocols, participants, materials, procedures, 
analyses, outcome expectations, and limitations). Chapter Three reports on the development of 
CartoBase, an open-access, collaborative cartographic user study database. Built on my findings 
from Chapter Two, CartoBase has three purposes: (1) to aggregate and organize published 
cartographic user studies into a searchable archive; (2) to serve as an open-source research and 
communication tool to help cartographers explore issues related to the design, execution, and 
reporting of user study methods; and (3) to assist in the identification and implementation of best 
practices for participant assessment in cartographic user studies.  
 
Challenge #3: There is no procedure to help cartographers make individual user study design 
decisions, such as how to compare and choose between two participant assessment methods. 
 
Best practices guidelines will allow researchers to better define or anticipate which study 
methods are appropriate for different study contexts. But just as cartographers lack a database to 
keep track of user study methods and outcomes, so too do they lack a reliable method for 
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identifying best practices. I contend that cartographers already possess a sufficient collection of 
user study best practices, but lack the necessary resources or procedures to distinguish them from 
all other existing practices. In Chapter Four, I examine the concepts of best practices and 
benchmarking to establish a systematic process for identifying best practices for user studies. The 
process, Cartographic User Study Solution-Driven Benchmarking (CartoSDB), is a novel, six-step 
benchmarking process that systematically searches and compares published user studies to identify 
the best available study methods or practices for any study context. CartoSDB defines a specific 
user study design problem or issue, establishes the criteria sufficient to compare potential “best 
practice” solutions, then searches CartoBase to identify the solution or practice that meets those 
criteria. Based on this information, cartographic researchers can make more informed and 
consistent decisions regarding the design, execution, and reporting of their own user studies. 
These three challenges, and my efforts to address each in turn, concern the past, present, 
and future of cartographic user studies. Whichever guidelines we establish to improve research 
designs now must be founded on evidence from past research, and be adaptive to changing or 
emerging methodologies in the future. While the cartographic community has discussed—and 
continues to discuss—the shape and merits of a best practices resource (e.g., Cartwright et al. 2001; 
Çöltekin 2015; Roth et al. 2017), my dissertation research represents the first effort to make it a 
reality and lays the necessary groundwork to develop future best practices guidelines.  
 
1.3 Definition of Common Terms 
Six terms are frequently used in all chapters of this dissertation: user, participant, user study, user 
difference, participant assessment, and best practices. While each term has a variety of 
cartographic and non-cartographic definitions, I will limit their use to mean the following:  
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User refers to the intended end-user, audience, or population of a particular map product 
or service. 
 
Participant refers to a representative user who has been recruited to participate in 
cartographic research. This term is often used interchangeably with human subject and 
subject in the cartographic literature. 
 
User Study refers to any cartographic research utilizing quantitative and qualitative 
methods to measure and observe the attitudes, behaviors, abilities, and characteristics of 
study participants. My research focuses on experiment-based user studies, although the 
term encompasses a variety of study designs and research methods. 
 
User Difference refers to any measurable or observable difference between individuals 
participating in a user study. This term can apply to any innate or learned characteristic, 
skill, or ability, such as sex, domain expertise, and sense of direction.  
 
Participant assessment refers to any method used to gather information about user 
differences outside of the formal study experiment. For example, a pre-experiment 
questionnaire can record a participant’s sex and measure their level of expertise and sense 




Best Practice refers to a method, procedure, or set of guidelines that is considered superior 
to any comparable alternative practice intended to achieve the same purpose or outcome. 
What may be considered “best” in one study context may be worse in another study context. 
 
1.4 Organization of the Dissertation 
Three different articles found in Chapters Two, Three, and Four, build upon one another as I 
explore and offer solutions to each of the challenges listed above. Chapter Two reports the findings 
of a systematic review designed to examine the relationships between user differences, participant 
assessments, and contemporary cartographic user studies. Chapter Three describes the 
development of a collaborative, open-access cartographic user study database. Chapter Four 
describes a best practices identification procedure intended to improve the process of designing 
cartographic user studies. Each chapter is formatted as a journal article, with conventional 
Abstract, Introduction, Background, and Conclusion sections. Each chapter contains its own 
relevant literature review and statements of research problems, questions, and objectives. 
 In Chapter Five, I summarize how each Chapter contributes to an overall improved 
understanding of the challenges facing cartographic researchers, and the actions they can take to 
improve the overall quality of their user studies. I conclude this dissertation with recommendations 





CHAPTER 2. UNDER-DESIGNED OR UNDER-REPORTED? 




User studies are a critical component of cartographic research, helping to evaluate the viability of 
mapping tools, techniques, and phenomena based on the performance of participants recruited for 
these studies. User differences, which are used to analyze and interpret study outcomes, are 
typically evaluated using a limited number of performance-based (e.g., completion time and 
correctness-of-response), skill-based (e.g., expertise and education), or demographic-based (e.g., 
sex and age) factors. Presented here is a systematic review of 104 cartographic user studies 
published in five refereed journals over a ten-year span. The review examines methods of assessing 
participants prior to or after their involvement in research studies and focuses on the extent to 
which user differences are under-reported and user studies are under-designed. The review reveals 
that researchers are not consistent regarding which user differences are accounted for, how they 
are assessed, and how they fit into the overall design of particular studies. Inconsistency is not 
necessarily indicative of poor study design; nevertheless, inconsistency may cause difficulties 
when researchers attempt to compare the outcomes of two separate studies. This inconsistency is 
a result of authors not doing an adequate job of either designing their studies or, perhaps more 
likely, reporting on their studies. Whether under-designed or under-reported, what this review 





User differences factor into the design of maps and user studies in similar ways. Within map 
design, effective design solutions are predicated on an understanding of the similarities and 
differences that define particular map audiences and their specific needs and preferences that must 
be accommodated. Likewise, valid and reliable user study designs are predicated on the 
expectations that the participant sample is representative of the intended users, and that the study 
uses appropriate methods to assess the relevant individual user differences. But which user 
differences are most relevant to the interpretation of maps or cartographic user study outcomes? 
And which methods should cartographers utilize to assess these differences?  
User differences, and their influence on user study outcomes, have been a frequent focus 
of research (Slocum et al. 2001; Swienty 2005; Lobben 2007; Wilkening and Fabrikant 2013). 
Examples of well-researched user differences include domain expertise or experience 
(McGuinness 1994; Roth 2009, Baker 2012, Ishikawa 2013; Deeb et al. 2014), sex and gender 
(Prestopnik and Roskos-Ewoldsen 2000; Sholl et al. 2000; Deeb et al. 2012; Deeb et al. 2014), 
education (Taylor and Plewe 2006; Golledge et al. 2008; Roth 2009), spatial ability (Hegarty et al. 
2002, Dillemuth 2009, Lee and Bednarz 2012; Pingel 2014), and color deficiency (Buckingham 
and Harrower 2007; Korpi et al. 2013). User differences such as these are important because they 
provide the basis for comparison of study results (for instance, the performance of experts 
compared to novices). A variety of methods have been developed to assess user differences, as 
have procedures to factor such differences into user studies. Unfortunately, as this research reveals, 
many such methods and procedures are underutilized by researchers. 
The question of how user differences “fit” into user studies--which user differences to 
account for, how to measure user differences, and how to interpret user differences--remain 
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unresolved challenges. To date, cartographers have not established standardized methods for 
assessing user differences or for determining how those differences impact study results. A lack 
of standardization is problematic for three reasons. First, it diminishes our ability to compare 
results among user studies. Second, it leads researchers to utilize ad hoc or inefficient assessment 
methods alongside reliable and validated methods. Third, it brings into question the quality of the 
research design and the reporting of published studies. 
Assessing user differences enables between-subjects and within-subjects comparisons of 
participant performance, behavior, and attitudes. All study participants possess a set of innate and 
learned characteristics, skills, and abilities which affect study outcomes, either individually or in 
some combination. Time limitations and practicality will influence the number of differences that 
can be assessed in a study session—researchers do not have time to assess every user difference, 
and it would be wasteful to do so. But how do we determine which user differences are most 
relevant to a given context and which are relevant across all contexts? And how do researchers 
currently assess participants as part of their studies? To answer these questions, I conducted an 
empirical review of 104 published user studies from 96 refereed journals. While there are recent 
reviews of cartographic research methodologies (e.g., Montello 2002; Haklay and Tobon, 2003; 
Roth and Harrower, 2008; Balciunas 2011; Kinkeldey et al. 2014), no one has published an 
empirical comparison focusing on participant assessments. 
In this article, assessment refers to the processes used to gather or measure user difference 
information not acquired as part of the formal study or experiment, such as demographic data 
collected in a questionnaire; most typically, assessments occur at the start or end of each participant 
study session. Test and evaluation, on the other hand, refer to any user difference information 
gathered or measured during the user study proper, including preparatory activities such as eye-
11 
 
tracking calibration or practice sessions used to familiarize participants with study task procedures. 
The “user” in “user study” refers to the intended end-user, audience, or population. Subjects or 
participants are representative users who have been recruited for participation in the study. 
In the following sections I examine issues related to user differences and their assessment, 
contemporary user studies design, and the relationship between them. This information is essential 
for interpreting the participant assessments review that is the subject of this study. My review is 
limited to quantifiable assessments of users’ differences, including qualitative data that were 
converted into metrics in contrast to, say, information gained from focus groups or expert 
interviews. Examples from this review include descriptive statistics of user characteristics such as 
median participant age or male-to-female ratio, discrete measurements of individual abilities such 
as spatial working memory, and Likert scale responses to a variety of mapping topics, tools, and 
software. 
 
2.2 User Differences 
User differences refer to any measurable or observable difference between two or more study 
participants. For example, researchers may gather information about participants’ age and level of 
expertise to establish the groups in a between-subjects or between-groups experiment design. 
Demographic differences, such as sex and gender, are frequently gathered. Domain proficiency or 
competency in a specified topic or area—for instance, geographic literacy, Python programming 
language fluency, or familiarity with a study area—often described in terms of expertise, 
experience, and education, is also common. Many user studies make frequent use of participants’ 
attitudinal feedback, such as Likert scale ratings of opinions and preferences. Less common are 
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measurements of specific perceptual or cognitive abilities, such as sense of direction and spatial 
awareness.  
A variety of methods have been devised to assess user differences. Most common are self-
reported surveys and questionnaires; for instance, participants may complete a demographic and 
domain proficiency questionnaire at the start of a study, and then another to collect feedback at the 
conclusion of the study. Specially-designed assessments may be deployed to gather specific 
information, such as the Spatial Thinking Ability Test (Lee and Bednarz, 2012), although these 
often require a special protocol, software, and/or hardware to execute. Time also influences the 
selection of assessment methods. Experimenters have a finite amount of time to work with, and 
overlong studies may adversely affect participant engagement. Self-reported surveys and 
questionnaires are so prevalent because they require relatively little time to implement; 
complicated, or unfamiliar assessment methods (such as a mental rotation test) often require 
greater time commitments, which results in less available time for the study proper. 
 
2.3 Overview of Contemporary User Study Design 
Early map research was primarily behaviorist and focused on identifying which map elements and 
variables users found most functional (Montello 2002; McMaster and McMaster 2002); in contrast, 
current research largely takes a cognitive-based approach to examine why users find specific 
elements and variables functional (van Elzakkar et al. 2006; Slocum et al. 2009, 212; Fabrikant et 
al. 2010; Lobben et al. 2014). In both behaviorist and cognitive approaches, the map user has a 
prominent role, as the desired outcome of most studies is to improve the quality of cartographic 
communication between the map and its user. As a result, a common theme in the literature and 
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textbooks is the importance of designing for the user (e.g., Robinson et al. 2005; van Elzakkar et 
al. 2007; Dent et al. 2008; Tsou and Curran 2008). 
  Contemporary map design and user study design both typically follow User-Centered 
Design (UCD) frameworks, wherein end-users have active roles throughout research processes 
and their behavior and attitudes influence the final design (Abras 2004, Soegaard and Dam 2012). 
In cartography, UCD decisions are expected to maximize the qualities of effectiveness, efficiency, 
satisfaction, and appropriateness in a map. Drawing upon standardizations in user-centered and 
human factors design (e.g., ISO 9241-11:1998; usability.gov), these four qualities may be 
considered as the most relevant to the map user, as they suggest every map should be clear, concise, 
enjoyable, and suitable to its context of use. Contemporary cartographic research is based upon 
this philosophy, and established design guidelines (Tsou 2011; Field and Demaj 2012) utilize this 
philosophy: maps must accommodate the user's needs and meet his or her expectations; thus, the 
user should be at or near the center of all research designs. 
Recent literature (e.g., Plaisant 2004, Robinson et al. 2005, Demšar 2007; Lobben 2008, 
Roth and Harrower 2008; Balciunas 2011; Kinkeldey et al. 2014; Coltekin 2015) typically 
classifies cartographic user study methods according to a few prominent dichotomies: the mode of 
inquiry (behavioral vs. attitudinal), the general mode of evaluation (controlled experiment vs. 
usability testing), and the context of use under study (scripted vs. natural) (Figure 1). Researchers 
must identify which of these dichotomies apply to their particular research agendas, and use these 
to select from a wide range of available research methods. Potential methods include conventional 
surveys and questionnaires, card sorting, focus groups, verbal protocol analysis, eye-tracking, 
usability lab studies, and longitudinal case studies (see, for example, Demsar 2007; Robinson et 
al. 2005; Roth et al. 2011; Opach et al. 2014). Certain methods are better suited for specific study 
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conditions; for example, eye-tracking can pair well with scripted, controlled studies designed to 
collect behavioral data (Fabrikant et al. 2008). 
 
 
Figure 1. User study methods charted across three dimensions. Mode of Inquiry (behavioral vs. attitudinal), Mode of 
Evaluation (controlled experimentation vs. usability testing), and Context of Use (scripted vs. natural). Behavioral 
methods focus on participants’ actions, whereas attitudinal methods focus on participants’ stated beliefs. Controlled 
Experimentation methods are typically indirect, collect quantitative data, use large sample sizes, and produce 
generalizable and repeatable results, whereas Usability Testing methods are typically direct, collect qualitative data, 
use small sample sizes, and produce specific results. Scripted methods are devised by the researcher to focus on one 
specific tool, technique, or aspect of use, whereas natural methods try to approximate real-world scenarios. Adapted 
from Roth & Harrower 2008 and Rohrer 2014. 
 
Once the appropriate method or combination of methods is selected, the remaining 
components of the study design can be organized. These components are typically organized into 
four categories (Coltekin 2015, Roth 2015): 1) the stimuli or materials, which constitute the map 
and software used in the study, 2) the participants or users recruited for the study, 3) the procedure, 
which encompasses the sequence of tasks comprising the study experiment, and 4) analysis, or the 
methods used to analyze and interpret study outcomes. The characteristics of each component also 
15 
 
help to determine if the selected method(s) is appropriate for the particular research agenda. This 
article focuses on issues associated with the participants category, specifically how participant 
differences are assessed as part of a study. Which study method(s) a researcher selects will 
influence what kind of participant data can be collected, as well as the quantity and level of detail 
of that data (for instance, an anonymous email survey and a focus group will produce substantially 
different data). 
Through their utilization of UCD frameworks, cartographers are presumed to thoroughly 
understand the needs, abilities, and limitations of intended users. Yet, this “user first, user last” 
design principle is more obvious in map design than in user study design. Cartographic texts (e.g., 
MacEachren 1995; Keates 1996; Slocum et al. 2009) are remarkably consistent in how they model 
map use situations and detail the role of map users (and their differences) in shaping effective map 
design solutions. In comparison, the literature does not provide a clear indication of which 
assessments of user differences should be used in typical user study designs. Experiments are 
typically built around factors and conditions that allow for obvious between- or within-groups 
comparisons—for example, comparing female to male performance, or undergraduate geography 
majors to non-majors—but the degree and extent to which user differences are examined vary 
considerably. User study design variability is not problematic per se—it is in fact necessary, given 
the broad scope of cartographic research—but it is troublesome if the researcher relies on 
inconsistent or ad hoc decision-making when creating a study design. 
 
2.4 Developing a Review of Contemporary Participant Assessments 
In this section I discuss the process for developing my review of participant assessments in 
cartographic user studies. First, I describe the selection of journals from which I obtained my 
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sample of user studies. Second, I discuss the selection and organization of my user study sample, 
including patterns related to time and journal of publication. Third, I review my approach for 
organizing both the major components of each user study and the specific information within each 
study related to participant assessment.  
 
2.4.1 Journal Selection Process 
Journal selection was based on two criteria: their visibility among cartographic researchers and 
relevance to cartographic user studies. I surveyed five prominent refereed journals over a ten-year 
period, 2005-2014: Annals of the Association of American Geographers, Cartographic Journal, 
Cartographic Perspectives, Cartographica, and Cartography and Geographic Information 
Science (CaGIS)1. The ten-year time frame allowed me to build a sufficiently large sample of user 
studies, and helped ensure that these studies would adequately represent the various avenues of 
current research. While these five journals do reflect the current state of cartographic user studies, 
cartographers also frequently publish in a variety of related domain journals ranging from 
GIScience to human-computer interaction and cognitive psychology. It would also be interesting 
to examine user studies in those journals, but time did not permit me to do so. 
 
2.4.2 Study Selection Process 
I identified 153 refereed user study articles published between 2005-2014. For my analysis I 
retained experiment-based studies that necessitated some type of participant assessment by the 
                                                
 
 
1 This review originally included the Professional Geographer, which was dropped after I could only identify two 
cartographic user studies published between 2005-2014 which fit my study selection criteria. 
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authors. Using this guideline, 57 articles were removed from the sample pool: 37 articles did not 
contain a quantitative assessment component (e.g., case studies and small-sample usability 
testing), and an additional 20 articles were omitted because the authors did not report any user 
difference or participant assessment information. This produced a pool of 96 refereed journal 
articles reporting on 104 individual empirical user studies. A bibliography for this review is 
available at https://osf.io/ur6xn/. Figure 2 shows a breakdown of studies by journal, by year. In 
Figure 2A, we see that over ten years, the number of user studies published per year rose from five 
in 2005 to nineteen in 2014; although the trend is not uniform, there does seem to be a tendency 
for more user studies in recent years, suggesting that user studies are becoming more important. 
In Figure 2B, we see that nearly two-thirds of the studies were acquired from The Cartographic 
Journal and CaGIS. In comparison, Cartographica contains fewer experiment-based studies, the 
Annals has a much broader disciplinary focus, and Cartographic Perspectives produces fewer 
articles than the other journals. 
 
 
Figure 2. Breakdown of studies published per year by journal (A), and by the total number of studies by journal (B). 
The number of user study articles published per year rose from five in 2005 to nineteen in 2014. In most years, the 






2.4.3 Approach to Organizing User Studies 
Once the pool of user studies was finalized, I separated the published details for each study into 
two major groups: Study Information and Participant Information (Table 1). The components of 
the two columns under Study Information, Study ID and Study Parameters, contain descriptive 
information about both the publication (e.g., author, journal, year of publication) and the study 
itself (e.g., study design, study setting, session length). The three columns under Participant 
Information—Sample Information, User Differences, and Assessment Methods—describe the 
participant information gathered by each study. While many articles followed a “linear” section 
arrangement—Introduction, Materials, Methods, Results, Discussion—the location of participant 
information was highly variable. For this reason, I catalogued each study in two steps. First, I 
inventoried Study Information data, which were typically easy to locate and record. Second, I 
isolated all components related to issues of user differences and participant assessment and 
performed a detailed inventory of these. Depending on how an article was organized—for instance, 
Did the author include a separate subsection for participants?—the second step required 
substantially more time to complete. 
The participant information under review was separated into three basic categories (Table 
1). Sample Information contains descriptive information about the sample itself: the sample size, 
how participants were recruited and from where, and if they were remunerated for their 
participation. User Differences contains information about any differences gathered or measured 
during the study, such as a participant’s sex, age, education level, or color blindness. Assessment 





Table 1. Organization of participant assessment details. 
Study Information         Participant Information 
Study ID Study Parameters Sample Information User Differences Assessment Methods 
Author Topic of study Sample size Sex Nature of assessment 
(controlled, self-reported) 
Year Study design Recruitment method Age Timing of assessment 
Journal Inquiry method Source of participants Misc./Other info Assessment medium 
Volume Factorial info Remuneration method Domain expertise Special tools/hardware 
Issue Number of 
experiments 
 Education level Source of assessment 
Title Session length  Definition of 
Expertise 
 
Abstract Study setting  Major/Field  
 Study IVs  Cognitive ability  
 Study DVs  Physiological ability  
  
Some participant information, such as sample size or age, was reported at higher 
frequencies than others, such as map-reading expertise or color blindness. It is important to note 
that many of the recorded variables were context-dependent, and so their absence from a given 
study is not necessarily indicative of a flaw in that study’s design. For example, if an author is not 
investigating issues related to color deficiency, it may be acceptable to omit assessments of color 
deficiency from the study. Many articles used a separate Participants subsection to report this 
information. Nearly every published study provided at least some information about their 
participant samples, and only two studies withheld participant assessment data entirely. The 
specific findings are reported on in the Results section below. 
It is important to repeat that this review was performed using published information only. 
As already discussed, authors exhibited considerable variation in the level of detail they provided 
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about participant assessments. While this review contains as much detail as provided by the 
authors, some authors were more descriptive or forthcoming than others. For instance, Study A 
provided a descriptive statistical breakdown of its sample by sex, gender identity, age, and grade 
level, whereas Study B simply reported its sample as consisting of “20 males and 30 females, ages 
18 through 24”. In both examples the reader is able to ascertain useful information about each 
participant sample, although the reportage of Study A is more descriptive. However, the absence 
of reported information does not necessarily mean an author neglected to do something; continuing 
this example, it is impossible to ascertain if the author of Study B did not collect more descriptive 
participant information, or if they did but simply chose not to report on it. Nevertheless, my 
interpretation of the review findings are based on the presumption that each author reported on 
their particular study fully, honestly, and accurately.  
 
2.5 Results of the User Study Review 
In this section I present and discuss the results of my review. First I summarize how participant 
assessments fit into a typical study, then I explain how I categorized this information. Next I 
provide context by discussing the settings and lengths of the reviewed studies, how subjects were 
recruited and remunerated for their participation, and the range of their sample sizes. Following 
these are separate discussions for the most prevalent user differences gathered across the study 
sample, including an explanation of their value to user studies in general and cartography 
specifically, the method of collection or assessment, and any relevant issues raised either by the 
author(s) or which surfaced during this review. 
A typical user study is designed to progress through three major stages: Introduction 
(including practice or training sessions), Test Session, and Debriefing. Participant assessments 
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may occur at any time during the study, but are typically deployed during the introduction or 
debriefing stages. Ideally, a researcher can explicate not only why a particular user difference may 
be critical to interpreting a study’s outcomes, but where the assessment should occur in the study. 
For instance, comments and suggestions made during debriefing may bias subjective questionnaire 
responses (Nielsen 1993), making it necessary to administer them at the beginning of the 
debriefing stage. 
Most reports communicated the salient user differences of the participant sample in one or 
a few paragraphs, often in a Methods subsection. For example, the following excerpt from 
Fabrikant et al. (2010, 22) is a prototypical participant profile paragraph: 
 
“Thirty students (thirteen male and seventeen female) from an undergraduate introductory 
human geography class, with a mean age of 20.1 years, took part in the experiment. They 
received a small amount of course credit in return for their participation. The test sample 
was judged to be a good sample of the desired novice user population, as the vast majority 
of the participants (72 percent) had not taken more than one geography class (including the 
first one they were just taking). On average, participants reported that they had used maps 
only occasionally and had never had training in meteorology, cartography, GIS, computer 
graphics, or graphic design.” 
 
Note the details reported here: sample size, sex ratio, where the recruited participants came 
from, education level, mean age, remuneration, a definition of a “novice” user, and five self-
reported map-related skills. Additional details regarding how and when this information was 
assessed were provided elsewhere in the paper. 
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Here is another example, from Deeb (2012, 178): 
 
“A group of 80 map users participated in the study. They were divided according to the 
criteria experience and gender. The non-expert group included 50 participants in the 
beginning of their geographical education, with no previous training in cartography. The 
other group of participants consisted of 30 experts who work with maps on a daily basis 
and have at least a master’s degree in geography. Of the 80 participants, 35 were female 
and 45 male divided in balance across experts (15 females and 15 males) whereas the non-
expert group consisted of 20 females and 30 males. The average age of the users was 23.3 
years, with the experts’ average on 27.3 years and the non-experts on 20.4 years. By taking 
into account experience and gender, it was possible to detect what influence the users’ 
backgrounds had on their preferences regarding labels on maps.” 
 
Again, note the reported details: sample size, grouping criteria, definition of a “novice” 
user, education level, training level, definition of an “expert” user, sex ratios, average ages, and 
the specific relationships to be examined (the effect of experience and gender on map label 
preference). These reporting strategies are helpful because they aggregate key user difference 
information and indicate to the reader how the authors will use this assessment data to analyze 
their study results. The convenience of logical content organization cannot be overstated; and yet 
only 59% of the studies (n = 61) included a standalone participant section; the remainder scattered 





2.5.1 Categorizing Reported Study Information 
To systematize my review process, I used four basic categories to indicate how every study 
reported on each of the variables presented in Table 1: 
 
• Reported as “not gathered”: Author explicitly stated they did not gather information on 
or perform some action related to the variable as part of the study. This did not occur very 
often. For instance, if the author stated they did not assess map expertise, then this was 
coded “Not Gathered”. 
• Reported, details provided: The author reported on the variable, and provided some level 
of detail about that variable. For example, with the statement “the median age of 
participants was 21 years,” the author reported on the variable (age), and provided one key 
detail (median age). Note that authors occasionally indicated even more details were 
gathered than reported on.  
• Reported, no details provided: The author reported on the variable, but did not provide 
any details. For example, authors frequently stated that their subjects received an incentive 
for their participation without indicating what form the incentives took, such as monetary 
payment or course credit. 
• Not reported: The author did not report on the variable. 
 
As the results will show, authors exhibited considerable variety in what—and to which 
level of detail—user difference and participant assessment information was reported. Across the 
majority of the reviewed studies, authors tended to report information but withheld useful details 
(“Reported, no details provided”), such as how participant assessment data fit into the study design 
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or were intended to enhance study outcomes. Those authors who did provide sufficient detail 
(“Reported, details provided”), such as Taylor and Plewe 2006, Dillemuth 2005, and Ooms et al. 
2012, explained how specific user differences can significantly impact user performance in 
experiments, or be used to improve the interpretation of the study results. For example, Dillemuth 
(2005, 289) stated, “individual differences have a significant impact on performance,” while Ooms 
et al (2012, 240) understood the benefit of participant assessment data as a means to interpret user 
study results and “eliminate biases and explain…possible distortions in the data.” But more often 
than not, authors failed to discuss the relevance of individual differences to the topic under study, 
nor did they typically explain why particular differences were assessed.  
 
2.5.2 Study Setting & Session Length 
89% of the studies (n = 93) reported information about the setting or location of the study (Table 
2). Half of the studies (n = 53) occurred in a lab, 7% (n = 7) were conducted in the classroom, 13% 
(n = 13) were conducted online, 9% (n = 9) were field studies, and 11% (n = 11) were conducted 
in multiple locations (e.g., in the lab and field or online and in the classroom). The remaining 11 
studies did not provide enough information to determine their specific setting(s). In each reported 
case, the location was logical given the nature of the study (e.g., controlled experiments in 
laboratories or navigational exercises in the field), with many of the reporting authors providing 
the conditions of each setting (e.g., an empty computer lab containing 30 workstations had its 






Table 2. Study settings and session length. 
  % reporting 
study setting 
% reporting length 
of session 
Session Length 
(median, in minutes) 
Study Setting (overall) 89%  34% 30 
Lab 50% 17% 30 
Classroom 7%  2% 30 
Online 13%  5% 20 
Field 9%  4% 90 a 
Multi-site 9%  6% 45 
 a Excludes two field studies, one of which took place over one full day, the other over two days. 
  
34% of the studies (n = 35) reported the approximate or exact lengths of their respective 
study sessions. The median length of all reported studies was 30 minutes, with online studies taking 
less time (median = 20 minutes) and field studies taking the most time (median = 90 minutes). 
Compared to study setting, session lengths were underreported, and these numbers should be taken 
with a grain of salt. For instance, the review may indicate that the median length of a classroom 
study is 30 minutes, but only two of the seven classroom studies reported this information. 
Considering how carefully study authors must manage their allotted experiment times, whether 
due to limited time availability or the limited attention spans of their participants, this under-
reporting is unexpected. 
 
2.5.3 Recruitment, Incentives, and Sample Size 
2.5.3.1 Recruitment 
Recruitment refers to the method used to obtain subjects for participation in a study, and incentives 
refers to whether subjects were offered some form of remuneration or compensation for their 
participation. The choice of recruitment method is a key study design issue, as it affects the 
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representativeness of the sample to the intended audience, as well as the credibility of the study 
results (Nielsen 1993; Nielsen and Hinderer 2003; Panter and Sterba 2011; Mason and Suri 2012; 
Greiner 2015). Web-based methods such as Listserv emails, Internet message board posts, and 
Amazon’s Mechanical Turk, and direct methods such as in-class announcements, all reach 
different subpopulations who may or may not represent the intended audience or user. For instance, 
an in-class announcement may attract a convenience sample of relatively homogeneous subjects 
such as undergraduates recruited from an intro-level geography class, which introduces selection 
bias by not accurately represent an entire population of map users. Moreover, differences in study 
performance occur based on whether participation is voluntary or mandated, and even between 
subjects who volunteer early versus those who volunteer late (MacDonald 1972; Nielsen 1993). 
 
Table 3. Recruitment, Incentives, and Sample Size Reporting. 
  Reported Not Reported 
Recruitment 37% 63% 
Incentives 39% 61% 
Sample Size 98% 2% 
  
  
Table 3 shows the proportions of reporting and non-reporting for both issues. These articles 
varied in their levels of published details; some authors referenced the recruitment process in the 
article text without providing further details, whereas other described exactly how participants 
were contacted and compensated. Only 37% of user studies (n=38) provided information regarding 
participant recruitment. The most common methods reported were announcements made in 
classrooms or distributed through listserv emails. Only two studies used Amazon’s Mechanical 
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Turk. Another performed a large-sample, international, anonymous web-based survey, but did not 
provide details as to how participants were recruited. 
 
2.5.3.2 Incentives  
Incentives are often necessary to encourage participation in a user study. Researchers must take 
care in selecting appropriate incentives, as they may motivate subjects to perform or behave in 
unpredictable or unwanted ways (Nielsen and Sova, 2003; Sharp et al. 2006). For example, 
participants may be overly-positive or overly-critical depending on the incentive type and amount, 
or may feel obligated to behave in a certain way so as to receive the incentive. 
In a fashion similar to recruitment, only 39% of user studies (n = 40) provided incentive 
information (Table 3); of those, fifteen offered monetary remuneration, fourteen offered course 
credit, two offered both, and one study entered participants into a prize raffle. Interestingly, eight 
studies explicitly stated that no incentives were offered; these were perhaps the only instance 
wherein authors felt it necessary to acknowledge something that wasn’t included in the study. 
While recruitment must have occurred in some form regardless of whether the topic was raised in 
the article, the same cannot be said for incentives. Of the studies that did not report on incentives, 
it is impossible to say whether incentives were offered or not. Interestingly, only 16 studies 
reported both recruitment and incentive information.  
 
2.5.3.3 Sample Size 
Sample size refers to the number of subjects participating in a user study, and is critical for making 
inferences about the population the sample represents (Nielsen 1993; Osborne 2008). 98% of the 
reviewed studies reported the size of their respective samples (Table 3). The reported number of 
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participants per study varied depending on approach and setting; for instance, one usability 
evaluation (Demsar 2007) used just 4 participants, whereas Midtho and Nordvik (2007) recruited 
1,421 participants for their web-based experiment. Grouping by study setting revealed a number 
of notable patterns (Table 4). Lab studies sample sizes ranged from 4 to 169 participants, with a 
median of 33. Studies conducted in the classroom—including large lecture halls—ranged from 34 
to 739 participants, with a median of 125. Online studies ranged from 61 to 1,421 participants, 
with a median of 142. Field-based studies ranged from 2 to 1,140 participants (the large sample is 
from Lorenz et al. (2013), who conducted a multi-year study), with a median of 28. The number 
of subjects participating in multi-site studies ranged from 16 to 145, with a median of 35. 
 
Table 4. Reported sample sizes, overall and by study setting. 
 Study Setting % reporting sample sizes Sample Size (median) Range 
Overall 98%  43 4 to 1421 
Lab 100% 33 4 to 169 
Classroom 100% 125 34 to 739 
Online 100%  142 31 to 1421 
Field 89% 48 8 to 1140 
Multi-site 100%  35 18 to 145 
All values rounded; 12 studies reported sample sizes, but not study setting, and one study 
reported neither. 
 
The nature and scope of a study will help determine what sample size is required (other 
influencing factors include budget, time, and the intended audience population). Bernard (2006) 
discusses four factors that influence sample size selection: heterogeneity of the population, the 
number of subgroups in the analysis, the size of the subgroups, and precision of the measurements. 
Generally speaking, sample size should be large enough to minimize sampling errors among the 
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collected data and produce reliable outcomes. A small sample size can easily obscure differences 
among the participants comprising a sample. Conversely, methods such as usability studies often 
require relatively few participants, as additional participants offer only diminished returns (five is 
common, although others advocate for more; see Nielsen 2000 and Tullis and Albert 2013 for in-
depth discussions). 
 
2.5.4 User Difference and Participant Assessment Findings 
Of the 104 user studies in this sample, 99% (n = 103) reported information pertaining to at least 
one user difference (one paper summarized its study in a single paragraph, which contained no 
participant information). Only 39% (n = 40) of the reviewed studies reported using one or more 
user difference as an independent variable; the remaining studies used various map or test 
conditions (such as monitor configuration or symbol density) as independent variables. 
Table 5 contains the rates at which authors reported specific user differences, and how 
often those differences were used as independent variables. The results were as varied as the 
experiments themselves. The most commonly reported participant information was either 
demographic in nature (“Sex and Gender,” “Age”) or related to expertise (“Expertise or 
Experience,” “Education,” “Academic Major or Professional Field”). Most information was self-
reported by the participant (e.g., responding to “Rate your familiarity with geobrowsers”), 
although in some studies participants completed validated self-assessments (e.g., the Santa Barbara 
Sense of Direction Scale, Hegarty et al. 2002), and in fewer still, the researchers performed a 
controlled assessment directly on the participant (e.g., the Vandenberg Mental Rotations Test, 




Table 5. Reported rates of each user difference and their use as independent variables. 






Not reported Used as IV 
Demographic Information      
Sex and Gender 1% 63% 1% 36% 10% 
Age 1% 61% 1% 38% 5% 
Misc. Personal Info 0% 9% 3% 88% 8% 
      
Expertise      
Expertise or Experience 4% 54% 10% 32% 5% 
Education 0% 38% 39% 23% 1% 
Academic Major / 
Professional Field 
2% 36% 28% 35% 11% 
      
Cognitive/Physiological      
Cognitive/Perceptual 0% 20% 0% 80% 11% 
Physiological 0% 12% 0% 88% 1% 
All values rounded to nearest whole number. 
 
2.5.4.1 Sex & Gender 
Sex differences, or comparisons of performance between males and females, are often used to 
differentiate participant performance in spatial and geographic tasks. A great deal of geographic 
and other scientific literature is devoted to these topics (e.g., Gilmartin and Patton 1984; Chang 
and Antex 1987; Boardman 1990; Self and Golledge 1994; Montello et al. 1999; Abramov 2012). 
Among the studies I analyzed, the more recent studies distinguished between the terms sex 
(biologically or physiologically defined) and gender (socially constructed), whereas authors of the 
older studies tended to use the terms interchangeably. 63% of the studies (n = 65) reported the 
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proportion of male to female participants. One study each were classified as “Not Gathered” and 




A participant’s age can greatly influence their ability to perform particular map-related tasks, given 
the development gap that exists between young children and adults, or the familiarity of digital 
natives with modern technology to older, potentially less-technically savvy individuals. 61% of 
the studies (n = 63) reported the ages of their participant samples. Age information was reported 
in two principal ways: the author either provided descriptive statistics about the participant 
sample—typically median or average age—or simply stated the range of ages in the sample. As 
with sex, one study each was classified as “Not Gathered” and “Reported, No Details”. Only five 
user studies reported using age as an independent variable in the analysis. 
 
2.5.4.3 Miscellaneous Personal Information 
Compared to sex, gender, and age, there were relatively few reports of other user differences 
having been assessed. Due to their relative rarity, these differences were grouped into a single 
catch-all category, Miscellaneous Personal Information. Just twelve studies reported having 
collected additional personal information such as nationality, place of residence, and political 
affiliation, although only nine of those reported any details. In eight of these studies, the 
miscellaneous personal information was used as an independent variable (for instance, Patterson 
and Jenny (2014) used participant nationality to compare differences in the perception of cross-




2.5.4.4 Expertise, Experience, and Education 
Expertise, experience, and education each relate to some innate or learned skill, knowledge, or 
ability, and are known to be good predictors of performance (see, for example, Evans 1997; Kobus 
et al. 2001; Hope and Hunter 2007; and Roth 2009). While many study authors used these terms 
interchangeably, I used fixed definitions in my review. Expertise refers to proficiency in a 
particular domain, which may be broad (cartography in general) or narrow (mobile map use); level 
of expertise is often described as a dichotomy between novice and expert. Frequently, the 
boundaries between novice and expert categories are easily blurred, as subjects may be novices in 
certain areas and experts in others. For example, someone may be an expert at reading topographic 
maps but a novice at manipulating an interactive map display. Other common categories are naive 
(having no experience) and intermediate (somewhere between novice and expert). Experience 
refers to the firsthand acquisition of skills or knowledge within a particular domain; time and 
frequency are common measures of experience (e.g., daily use of mobile maps or years of work 
experience making mobile maps). Education usually refers to grade level (e.g., third-graders or 
undergraduates), although it can also refer to formal instruction or training within a particular 
domain. Generally speaking, expertise is a broader measure of domain proficiency, whereas 
education and experience can infer where and how proficiency was acquired.  
As with sex and gender, the study authors frequently conflated the terms expertise and 
experience; for example, “map expertise” and “map experience” were often used to describe the 
same concept. In total, 54% of the studies (n = 56) reported details about participant expertise or 
experience, and another 10% (n = 10) discussed expertise or experience without providing 
substantive details. Despite this relatively high reporting rate, only 15% of the studies (n = 16) 
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used either as an independent variable. Adding complication to this conflation of terms is how 
novices and experts were defined. 58% of studies (n = 60) provided direct or indirect definitions 
of expertise, or what separated experts from novices: 15% of these definitions were based on some 
assessment of expertise, 20% on education, 25% on experience, and the remaining 40% on some 
combination of the three. The majority of studies relied on inconsistent, ad hoc categorizations of 
experts and/or novices using various combinations of expertise, education, and experience. In these 
studies, a map expert was variously defined as a student who had completed graduate-level 
cartography coursework; someone who worked with maps on a daily basis; and someone with five 
or more years of thematic map data analysis experience.  
77% of the studies (n = 80) reported the education (grade) levels of participants. This 
reporting frequency was high for two apparent reasons. First, the majority of these studies obtained 
convenience samples from university classes (e.g., Sui (2008, 9): “...university students can serve 
as a surrogate for the general, educated public...”), and their education status was reported along 
with the sample size (“Forty undergraduates volunteered to participate…”). Second, education was 
used more frequently than expertise or experience as the basis for making between-groups 
comparisons of novices (e.g., lower-level coursework in cartography) and experts (e.g., upper-
level coursework in cartography). Only one study used the actual grade level of participants 
(undergraduates vs. graduates) as an independent variable to group and compare study results. 
 
2.5.4.5 Academic Major or Professional Field 
64% of the studies (n = 67) reported participants’ academic majors or professional fields. Similar 
to education above, this high frequency was due to many researchers using convenience samples 
from undergraduate courses (“Twenty-five geography majors and twenty-five non-majors 
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completed a…”). 30 participant samples were composed in part or entirely of geography majors 
(including cartography, GIS, and geomatics majors); six of those studies used a subject’s academic 
major to separate experts (geography majors) from novices (non-geography majors). Ignoring 
whether random or non-random student samples are representative of larger populations, using a 
subject’s professed major to establish expertise—particularly when undergraduate majors are not 
regarded as experts within their academic field—oversimplifies the individual differences that 
distinguish experts from non-experts. 
 
 
2.5.4.6 Cognitive and Physiological Differences 
I use the terms cognitive and physiological to refer to a variety of mental or bodily functions, such 
as memory recall or touch sensitivity. Cognitive abilities receive substantial attention in the 
literature (e.g., Committee on Support for Thinking Spatially 2006; Hegarty et al. 2002; Lloyd and 
Bunch 2003; Battersby, Golledge, and Marsh 2006; Lee and Bednarz 2009; Lee and Bednarz 2012: 
Toker et al. 2012), and authors of such studies typically produce highly descriptive, detailed reports 
of their participants’ user differences. The authors within my study sample gathered cognitive 
information only when said information was the topic of the study; for instance, Lee and Bednarz 
(2012) deployed multiple measures of spatial ability specifically to develop their Spatial Thinking 
Ability Test, and Buckingham and Harrower (2007) assessed their participants for color vision 
deficiency in their examination of color saturation in maps. 
Among the reviewed studies, 32% (n = 33) included one or more cognitive or physiological 
assessment of user differences. 20% of the studies (n = 21) assessed one or more cognitive ability, 
and of those only 9% (n = 9) used one or more of these cognitive differences as an independent 
variable. Various aspects of spatial ability, such as spatial working memory or mental rotation 
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ability, were the most frequently measured cognitive abilities. Cognitive assessment methods 
represent perhaps the most reliable and valid methods available to cartographers. Examples of 
methods used include the Vandenberg Mental Rotation Test (Vandenberg and Kuse 1978, used by 
Wilkening and Fabrikant 2013), the Santa Barbara Sense of Direction Scale (Hegarty et al. 2002, 
used by Dillemuth 2009), and the Spatial Thinking Ability Test (developed and used by Lee and 
Bednarz 2012). Also of note are the affiliated institutions of these studies’ authors; fifteen of the 
reviewed studies were authored or co-authored by researchers from three institutions: University 
of Zurich, University of California, Santa Barbara, and University of South Carolina.  
12% of the studies (n = 12) gathered information on one or more physiological function, 
none of which were used as an independent variable. The majority of assessments were vision-
related—whether participants wore glasses or had a vision impairment, suffered color vision 
deficiency, or could see stereoscopic three-dimensional imagery (each of these were assessed in 
four studies). One additional study (Pingel 2014) assessed hearing ability. Interestingly, only one 
of the twelve eye-tracking studies reported having assessed participants’ vision; this is surprising 
given that vision problems can affect equipment calibration or accuracy. 
 
2.5.5 Review of Findings 
While performing this review, four general patterns emerged regarding how researchers assessed 
and reported on user differences data:  
 
1. They identified the specific participant assessments built into their studies, the data 
gathered, and how those data benefit the studies (e.g., Hegarty et al. 2002; Dillemuth 2005; 
Lee and Bednarz 2012; Pingel and Schinazi 2014). 
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2. They identified specific user differences and how they fit into the study design, but did not 
explain which assessment methods were used (e.g., Taylor and Plewe 2006; Ishikawa et al. 
2005). 
3. They identified specific user differences, but did not explain how those differences fit into 
the overall study design (e.g., Li and Qin 2014). 
4. They did not perform participant assessments, or perhaps they did perform assessments but 
failed to report on them (e.g., Ghosh et al. 2012).  
 
These patterns conform to, and helped shape, the four categories I used to organize the 
reported user difference and participant assessment data, discussed in Categorizing Reported Study 
Information above (Reported as “not gathered”; Reported, details provided; Reported, no details 
provided; Not reported). The first and second outcomes are optimal, because they communicate to 
the reader a high degree of detail and make the study itself more transparent. In the third and fourth 
outcomes, however, the quality of communication declines. 
This points to what is perhaps the most noteworthy finding of the review: cartographic 
researchers are either under-designing their user studies, or they are under-reporting their user 
studies, and in most cases it is impossible for the reader to tell the difference. To illustrate this 
issue, Table 6 displays the “Reported, No Details Provided” and “Not Reported” rates of each 
study variable discussed in this review, ordered from the highest to lowest “Not Reported” rate. 
Omitting or not reporting on study details—for reasons ranging from word count limitations to the 
potentially extraneous nature of the information—can force the reader to infer that information for 
themselves, which can lead to miscommunication or misinterpretation. To be sure, many “not 
reported” user difference and participant assessment variables were likely irrelevant to their study 
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contexts (e.g., academic major is irrelevant if the participants are elementary school students). 
Assuming one could extrapolate these rates to all other aspects of user studies not covered in this 
review, a lot of information is potentially being left out of user study reports. This raises yet another 
point—word count limitations may have a direct effect on reporting rates. If true, then researchers 
would benefit from an additional communication outlet for their study data, such as an online 
research database and repository. 
 
Table 6. Frequency of “Reported, No Details” and “Not Reported”. 
Study Detail Reported, no 
details provided 
Not reported 
Misc. Personal Info 3% 88% 
Physiological Info 0% 88% 
Cognitive/Perceptual 0% 80% 
Recruitment 4% 63% 
Incentives 0% 61% 
Age 1% 38% 
Sex and Gender 1% 36% 
Academic Major / 
Professional Field 
28% 35% 
Expertise or Experience 10% 32% 
Education 39% 23% 
Study Setting 0% 11% 
Sample Size 0% 2% 
  
 
Effective communication is an essential part of scholarship, and improves the overall 
integrity and reproducibility of research (Nosek and Bar-Anan 2012; Nosek, Spies, and Motyl 
38 
 
2012). Omitting content or details from a published report reduces the transparency of that study, 
diminishes its overall quality, and even calls into question other study decisions made by the 
researchers. This is not to suggest that the studies reviewed here exemplify poor research, and I 
am in no way accusing cartographers of designing poor user studies. The issue is that poor 
communication between authors and their audiences is an unnecessary barrier which forces the 
reader to make inferences for information that should have been stated explicitly by the author. 
And, this review indicates that under-reporting is common enough to merit corrective action.  
 
2.5.6 Limitations and Future Directions 
There are a few key limitations of the present review. First and foremost, cartographers 
communicate their research in a variety of formats and settings beyond the five journals selected 
for this review. The sample of 104 user studies represents only a fraction of the cartographic 
research that has been conducted over the decades. Second, I excluded dozens of user studies 
because they lacked a quantitative component, but user differences are important no matter the 
quantitative or qualitative nature of the study in question. Third, the narrow scope of this review—
user differences and participant assessments—revealed similarly narrow findings; a more 
comprehensive review which accounts for all user study components is required if cartographers 
wish to uncover all of the study design and reporting practices that benefit, and inhibit, modern 
cartographic research. 
Taking into account the limitations described above, and the relative patterns of under-
design and under-reporting that emerged from this review, my next step will be to create a publicly-
available cartographic user study database. The expectation is that an expanded database will help 
cartographers to both catalogue existing studies, and identify and implement best participant 
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assessment practices. In follow-up publications I will discuss the process of database construction 
and management, and demonstrate how the database can be used as a best practices resource. 
Cartographers need to exhibit better assessment practices—and better reporting practices—and a 
continuation of this research will help them meet both ends. 
 
2.6 Conclusion 
In this exploratory review, I systematically analyzed 104 cartographic user studies from 96 
refereed journal publications. My goal was to identify any observable patterns of user difference 
assessment that was undertaken prior to or after a subjects’ participation in a quantitative user 
study. I first provided an overview of contemporary user study design and the primacy of the user 
and user-centered design principles to cartographic research, then examined how researchers have 
fit assessments of their users into this research.  
Several notable assessment and reporting patterns emerged. First the review provides 
evidence of which assessment practices are more preferred than others—which is not to be 
confused with which practices are demonstrably best. By way of example, recall that 63% of the 
reviewed studies assessed participants’ domain expertise or experience. Unfortunately, few of 
those studies utilized valid and reliable assessments to measure and establish group differences; 
more often, researchers used seemingly ad hoc questions or non-validated means to determine 
expertise. For instance, Roth et al. (2009) detailed their process and source material used to define 
and assess expertise, whereas Resch (2013) simply determined expertise by having participants 
self-identify with one of four groups (No Experience, Some Experience, Experienced, or Expert). 
From a study design standpoint, the valid, reliable, and documented methods are the better options, 
but many researchers do not select (and possibly are not even aware of) these methods.  
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Second, the review findings also indicate that most (although certainly not all) user studies 
gather only those data immediately relevant to the variable(s) or concept(s) under study, and do 
not typically use participant assessment data to make broader connections with other published 
research. This suggests that cartographers can make improvements to existing user study 
methodologies by developing guidelines to help determine which user differences should be 
assessed in a given study context, and select appropriate assessment methods for those study 
contexts. For instance, while nearly every reporting study gathered participant information via a 
self-reported paper or digital questionnaire, few authors addressed issues such as their justification 
for selecting a particular survey question or how they avoided question bias. It is impractical to 
suggest cartographers adopt an exhaustive set of user differences to assess in every user study. 
Given the diverse nature of cartographic inquiry, the relevance of specific user differences will 
vary from study to study. A challenge to consider, then, is which user differences should be 
incorporated into cartographic user studies as a matter of standard practice, using which methods 
of assessment, and to what degree of specificity, given the often stringent time restraints.  
The relevance of participant assessments is not a point of dispute; what is contentious is 
which user differences are relevant to cartographic inquiries, how they should be assessed, and 
whether cartographers are willing to implement a standardized approach for assessing each. Based 
on these review findings, I encourage cartographers to demonstrate more consistency and care 





CHAPTER 3. CONSTRUCTING A CARTOGRAPHIC USER 
STUDY DATABASE TO IDENTIFY BEST PRACTICES 
 
Abstract 
Over the past few decades, a wide assortment of qualitative and quantitative methods has been 
developed to conduct cartographic user study research. However, cartographers do not possess an 
up-to-date online user study database to keep track of existing or emerging user studies, nor the 
methods used to perform those studies. Introduced here is CartoBase, a prototype cartographic 
user study database. The paper describes the rationale behind the database and the decisions that 
shaped its design. CartoBase has three primary purposes: (1) it aggregates and organizes published 
cartographic user studies into a searchable archive; (2) it provides an open-source research and 
communication tool to help cartographers explore issues related to the design, execution, and 
reporting of user study methods; and (3) it can help researchers identify practices and methods to 
incorporate into their own user studies. Currently, the database contains details of 110 user studies 
published in five refereed journals between 2005 and 2014. CartoBase is designed to be open-
access and collaborative so that the entire cartographic research community can contribute to and 
continually improve upon the database contents. The long-term goal for CartoBase is to provide 
the research community with a comprehensive bibliographic and encyclopedic research tool that 
details the experimental conditions under which every published cartographic user study 
was performed and reported on. With these tools made easily accessible, CartoBase will help 






Over the past few decades, cartographic research has expanded to encompass a diversity of 
questions, methodologies, and technologies. Within experiment-based cartographic research, 
established methods of investigation are giving way to novel approaches and analytical techniques 
(Gabbard et al. 1999; Bowman et al. 2002; Slocum et al. 2003; Robinson et al. 2005; Kramers 
2008; Çöltekin 2015; Griffin 2015; Roth et al. 2017). Conventional quantitative methods such as 
controlled lab experimentation are being complemented—and even supplanted—by newly-
adopted qualitative methods such as the User Experience Design (UXD) approaches to usability 
testing (Tobon 2002; Slocum et al. 2004; Robinson et al. 2005; Tobon 2005; Tsou and Curran 
2008; Roth et al. 2015; Roth et al. 2017). New research findings and new ways of doing research 
challenge existing cartographic theories in two diametric ways. First, they do so beneficially by 
continuing epistemological dialogues that explore, confirm, and contradict the existing body of 
cartographic knowledge. Second, detrimentally, the rate and variety of new knowledge generation 
outpaces the community’s ability to absorb it, resulting in a lag that affects a variety of 
stakeholders, including product developers, map users, and cartographers developing their own 
research studies. The International Cartographic Association has identified this lag as a key 
research challenge (Griffin 2015; Ooms and Lapon 2015; Roth 2015; van Elzakker 2015), and 
recently published research agendas to address it (Griffin et al. 2017; Robinson et al 2017; Roth et 
al. 2017).  
A long-standing goal of cartographic researchers has been to establish a “best practices” 
framework that clarifies how to select human subject research methods appropriate for cartography 
(Cartwright et al. 2001; MacEachren and Kraak 2001; Slocum et al. 2001; Virrantaus et al. 2009; 
Moellering 2012; Roth et al. 2017). Conventional cartographic research centers on the user: the 
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focus is on understanding how map users read, interpret, interact with, and derive meaning from 
maps. Accordingly, a wide assortment of qualitative and quantitative methods have been 
developed to evaluate the user’s attitudes, behavior, and performance. A best practices framework 
is intended to facilitate the challenge of pairing research questions to appropriate user study 
methods and to help researchers overcome the knowledge generation-absorption lag. One obstacle 
to this goal, however, is the absence of a reliable system for tracking the methods, study designs, 
and outcomes of published user studies.  
Cartographic research is composed of decades of user studies published in a diverse 
number of journals and texts, many of which remain relevant today. And yet, to this day, studies 
are not easily discoverable; aside from occasional bibliographies such as Finn and Thunen (2014), 
there is no central resource that consistently keeps track of existing or emerging cartographic 
research. Moreover, experimental data and metadata are rarely made openly available and 
accessible outside of published reports—this is unsurprising for older studies that predate modern 
digital storage methods, but it is arguably indefensible for practicing researchers. Researchers who 
are designing studies or looking to compare results and make inferences using related studies are 
impeded and unable to move research forward. In lacking these tools, cartographers are unduly 
prevented from engaging in the best (and what should be standard) possible practices. 
To establish a comprehensive best practices resource, a necessary first step is to create and 
maintain a comprehensive online database that inventories the reported components of individual 
published studies, or “existing practices” (e.g., methods, protocols, participants, materials, 
procedures, analyses, outcome expectations, and limitations). This central database should not be 
a simple bibliography. It must be a tool that guides the design of cartographic user studies, and 
allows researchers to discover for themselves the strengths and advantages—or weaknesses and 
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disadvantages—of existing user study methods. Ideally, this tool would also provide a practical 
way to identify and integrate new approaches with traditional methods. 
 
Problem Statement 
While examining broader problems associated with proper data storage and sharing, and how to 
incentivize a user base to contribute enough data and metadata to make a research database and 
repository widely useful, Open Research advocate Cameron Neylon (2011) wrote:  
 
““Making it easy to put your data on the web” and “helping others to find your data” solve 
problems that most researchers don’t think they have… A successful data repository 
system will start by solving a different problem, a problem that all researchers recognize 
they have, and will then nudge the users into doing the additional work [to] make that data 
useful to other researchers.” 
 
What problem do all cartographic researchers share? If our long-term objective is to 
provide and promote best practices, I assert our fundamental problem is one of organizing and 
aggregating our human subjects research into a structured, archival database. Cartographers do not 
possess an up-to-date online user study database, nor does the literature suggest that one is under 
development. Lacking such a tool has a cascading effect on all facets of cartographic user studies, 
especially in how they are designed and reported on. An “existing practices” database would 
provide three immediate benefits as a resource and a tool. First, it would act as a foundation for 
the “best practices for user study design” knowledge-base desired by the cartographic research 
community (by detailing the findings, advantages, and successes by which best practices are 
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determined). Second, it would facilitate decision-making during the planning phases of new 
studies, particularly for researchers investigating similar phenomena or employing similar 
methods. Third, assuming the database allows collaborative editing, it would expedite researchers’ 
abilities to review, compare, and keep up with existing research. 
In the following sections I detail the rationale, methods, and materials used to create a 
prototype online collaborative cartographic user study research database (“CartoBase” for short). 
CartoBase serves as a bibliographic, encyclopedic, and research tool detailing the experimental 
conditions under which individual cartographic user studies were performed and reported on. For 
purposes of timeliness, manageability and focus, the database is currently limited to the 
recruitment and assessment of human subjects prior to their participation in their respective 
studies. Although narrow in scope, this information is sufficient to demonstrate the feasibility and 
value of a comprehensive user study database. The long-term goal for the database is to expand it 
to include other study elements, such as materials used in a study, experiment task sequencing, or 
the statistical methods used to analyze outcomes. While the process for adding this information is 
relatively straightforward, it will also require considerable time and resource allocations. 
More specifically, the database has three purposes. The first purpose is to aggregate and 
organize published cartographic user studies into a searchable archive. As the body of cartographic 
research continues to grow—and expand into emerging fields such as visual analytics—so does 
the need for a dedicated, up-to-date resource to help keep track of who researches which topics, 
when, and what the associated findings were. The second purpose is to serve as an open-source 
research and communication tool to help cartographers explore issues related to the design, 
execution, and reporting of user study methods. Over the past two decades, data accessibility and 
sharing have become key issues for scientists, research organizations, and funding agencies; 
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keeping in line with these open access philosophies would improve the transparency of 
cartographic research and help cartographers evaluate the quality or viability of specific methods 
or findings. The third purpose is to help identify and implement cartographic user study best 
practices, and specific to the context of my research, best participant assessment practices. 
Improving access to published research data and findings will not lead to better cartographic 
research without a framework in place to help determine which methods or techniques lead to the 
most desirable—or best—outcomes. Thus, CartoBase is designed to be a tool that can facilitate 
best practices identification and implementation.  
 
3.2 Open Access: Background and Initiatives 
Scientific research has recently entered an era of “data-intensive scientific discovery,’’ where ‘‘all 
of the science literature is online, all of the science data is online, and they interoperate with each 
other.’’ (Hey, Tansley, & Tolle 2009, xxx). In the early 2000s, three separate international 
coalitions of researchers issued public statements on the nature and relevance of Open Access 
(OA) to scientific research and scientific communication: the Budapest Open Access Initiative 
(2002), the Bethesda Statement on Open Access Publishing (2003), and the Berlin Declaration on 
Open Access to Knowledge in the Sciences and Humanities (2003). The Budapest statement 
(2002) defined the benefits of OA to literature as: 
 
“...its free availability on the public internet, permitting any users to read, download, copy, 
distribute, print, search, or link to the full texts of these articles, crawl them for indexing, 
pass them as data to software, or use them for any other lawful purpose, without financial, 
legal, or technical barriers other than those inseparable from gaining access to the internet 
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itself. The only constraint on reproduction and distribution, and the only role for copyright 
in this domain, should be to give authors control over the integrity of their work and the 
right to be properly acknowledged and cited.” 
 
The basic idea underlying each of these sorts of public statements is that research data and 
literature (especially public-funded research) should be made available online without price 
barriers and, where possible, without permission barriers (Suber 2012, 4). The Public Library of 
Science (PLOS; plos.org) and the Open Access Scholarly Publishers Association (OASPA; 
oaspa.org) are two prominent leaders of this movement. According to them and other OA 
practitioners (e.g., Wicherts et al. 2006; Reichman 2011; Suber 2012; Nosek et al. 2015), achieving 
OA is dependent on access to the Internet, the consent of researchers or applicable copyright-
holders, and widespread changes to research and publishing cultures.  
OA initiatives are not limited to accessibility, as they provide and promote best practices 
for research data management, privacy, copyrights, publication, and the time and scope of data 
sharing (Wicherts et al. 2006; Yarkoni 2010; Reichman 2011; Nosek et al. 2015). Ideally, adopting 
OA initiatives will enable greater transparency, openness, and reproducibility—what Nosek et al. 
(2015, 1422) refer to as “core values of science”— as routine components of research strategy. 
Ware and Mabe (2015) identify rapid technological developments, increasing data volume, 
growing numbers of publishing scientists, and expanding publication venues as key factors forcing 
researchers to adopt new data standardization and accessibility strategies. Data management and 
sharing in particular have received a lot of attention. Changing views of the nature of data 
ownership—for instance, do publicly-funded data belong in the public domain, and if so when 
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should they be made available, and in which format(s)?—has led to the development of practical 
tools and procedures that promote data (and research) transparency and access. 
 
3.2.1 Research Data Repositories 
Traditional methods of data discovery and access are fast becoming obsolete due to various 
unnecessary impediments. Too often, the only publically accessible information about an 
experiment’s methods, outcomes, etc. appear in peer-reviewed publications (Chavan and Penev, 
2011) which, due to space constraints, make little or no mention of the raw or derived data from 
which those results are produced, nor the experimental metadata (Paton 2008, 33). Further, the 
unstructured, textual format of academic journals (Cruz-Toledo et al. 2012, 1) is time-consuming 
and difficult to search and query, and often exists behind a paywall. For these reasons, there is a 
growing need for more structured, streamlined methods to preserve and access research data, as 
well as effective strategies to ensure researchers contribute to and maintain these data. 
The emphasis on OA, and the view that OA is both a best practice and an ethical obligation, 
has led to the development of multiple publication, data management, and data sharing strategies. 
Pampel et al. (2013) collectively termed these publication strategies “Research Data Repositories” 
(RDR), and identified four types of RDR: institutional, disciplinary, multi-disciplinary, and 
project-specific. The primary purpose of an RDR is twofold: first, it aggregates and organizes 
existing research into a structured, searchable archive; second, it stores digital research data in a 
variety of file formats for access and reuse by other researchers (Pampel et al. 2013). Currently, 
the international Registry of Research Data Repositories (re3data.org) has identified and indexed 
over 1,500 research data repositories from different academic disciplines.  
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 Two noteworthy examples of multi-disciplinary, comprehensive OA and RDRs are the 
nonprofit Center for Open Science (COS) and Zenodo, both of which launched in 2013. COS 
envisions “a future scholarly community in which the process, content, and outcomes of research 
are openly accessible by default” (cos.io/about/mission/ COS 2017). COS’s OA strategy is rooted 
in the belief that OA is itself a best practice, and that structured implementation of OA principles 
will lead to the discovery of even better practices throughout the entire research lifecycle (Nasek 
2012a; 2012b; 2015). In comparison, the general purpose repository Zenodo 
(http://about.zenodo.org/) was created by the European Organization for Nuclear Research 
(CERN) and the OpenAIRE Consortium in accordance with the Wilkinson et al. (2016) FAIR 
principles for scientific data management and stewardship based on open best practices (data 
should be Findable, Accessible, Interoperable, and Reusable). Both entities recognize that 
establishing OA practices requires substantial changes to existing incentives and infrastructure that 
support research, and the business models that dominate academic publication and communication.  
Despite the diversity among existing OA and RDR strategies, each offers a number of 
overlapping benefits (Paton 2008; Tenopir 2011; Pampel et al. 2013; Nosek et al. 2015). These 
include improvements to: 
 
• Data Discovery and Sharing. RDRs improve both the deposition and preservation of 
research data, and the discovery of relevant results from those data. By aggregating all 
research in a particular field or under a specific topic of interest, related studies and 
methods are easier to discover and review, and the need to perform unstructured 
research queries is minimized. By sharing datasets, data models, algorithms, programs, 
etc., other researchers can use this information to assist in the design and analysis of 
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their own experiments, or import/export it for their own uses. According to a study by 
Publishing Research Consortium (2010), data sharing is one of the most important 
issues among scientists.  
 
• Validation and Replication. Open access to experiment data (including raw, derived, 
and top-level results) enables other researchers to perform re-analysis studies to 
validate results. Not only is this a key part of the scientific process, but replication 
studies are valuable training tools. These issues are especially relevant if science is 
indeed undergoing a “replicability crisis,” which refers to both the difficulty of 
replicating published findings as well as the reluctance of journals to publish replication 
studies in favor of, say, innovative research (recent examples dealing with this topic 
include Open Science Collaboration 2015; Baker 2016; Murphy 2016; and Martin and 
Clarke 2017). 
 
• Data Integrity and Transparency. RDRs safeguard against misconduct such as data 
fabrication or falsification by preserving all experiment data in their original formats. 
The transparency offered by public repositories, which contain details regarding the 
design and execution of the research, helps to preserve the integrity of both the data 
and the research that produced those data. Importantly, researchers can compare 
published reports against the actual data, thus minimizing the likelihood of reporting 
bias or miscommunication. There is also a movement to add a Digital Object Identifier 
(DOI) to data and data models, which can reinforce data integrity by increasing the 
visibility of the researchers who build the models and collect the data. 
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• Best Practices Sharing. RDRs can help in the identification and adoption of best 
practices in every facet of research design, execution, and analysis. For example, RDRs 
can help optimize workflows by minimizing efforts to (re-)collect data if they are 
already publicly available, and can help researchers identify optimal practices and draft 
effective implementation strategies in their own research. 
 
In many cases, OA initiatives and RDRs are a practical, effective solution to changing 
policies of funding agencies. For instance, National Science Foundation grant proposals require 
data management plans indicating how data will be stored and accessed (NSF 2005; 2011). As part 
of their recommendations, the German Science Foundation (Schönbrodt et al. 2016) defines 
standards (and restrictions) for data storage and sharing, how standards should be implemented, 
and clarifies the roles and responsibilities of researchers that produce and share data, and 
researchers that use those data. Other international agencies such as the National Institutes of 
Health (NIH 2006), the Organization for Economic Co-operation and Development (OECD 2004), 
and the European Research Advisory Board (ERAB 2006) have also established policies that 
encourage or require the open handling and sharing of digital research data (Pampel et al. 2013).  
 
3.2.2 Moving Toward OA Cartography 
The technical, financial, and cultural challenges of adopting OA in cartography are solvable. The 
big question is not whether the move toward OA cartography will occur but whether cartographers 
take a proactive or reactive stance in how they implement OA. For instance, the refereed journal 
Cartographic Perspectives has already moved from a subscription-based to an OA format. Clearly, 
it is in our best interest to devise and implement OA strategies that allow cartographers to adapt to 
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OA gradually rather than trying to force changes all at once; as Reichman et al. (2011, 704) state, 
“overcoming the cultural and sociological barriers to increased data access requires changing 
human behavior.” Thus, improvements must occur in measured, deliberate steps that build upon 
one another, ensuring that newer, better practices introduced at each step are given ample time to 
become routine. 
I argue that CartoBase, my database of cartographic user studies, represents a logical early 
step toward OA by improving the related processes of data discovery and data accessibility. 
Searching for existing or emerging research (i.e. data discovery) requires combing through various 
subscription-based services like ScienceDirect or search engines such as Google Scholar, which 
are susceptible to publication lags and inconsistent search results. And, even if data are discovered, 
there is no guarantee the researcher will have access to the majority of cartographic research, which 
is often published in closed-access journals. By archiving cartographic research in an open 
environment, CartoBase helps raise the visibility of new or obscure analytic approaches, reporting 
styles, and theoretical or practical interpretations of published research. The next section details 
the methods and materials used to create CartoBase. 
 
3.3 CartoBase Overview 
3.3.1 Database Requirements and Expectations 
CartoBase was developed especially for academic and non-academic cartographers engaged in 
human subjects research. The database was designed to meet five common requirements and 
expectations of OA databases sourced from a variety of OA advocates (Hey, Tansley, & Tolle 
2009; Tenopir et al. 2011; Suber 2012; Nosek et al. 2015). They are: 
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• Open access. The database should be free, open, public, and web-accessible. This includes 
permissions to download, share, use, and build upon its contents.  
• Comprehensive. Ideally, the database should remain up-to-date and contain the bulk of 
published cartographic user studies, as well as the publications referenced by each of those 
studies.  
• Collaborative. Database maintenance should occur collaboratively among the 
cartographic research community.  
• Searchable. The database contents should be accessible through a variety of search and 
filtering interfaces.  
• Identifies best practices. The database should serve as a best practices resource, and assist 
in the processes of best practice identification and implementation. 
 
These criteria were drawn from multiple sources, including papers and workshop 
presentations at the 2015 and 2016 annual meetings of the American Association of Geographers, 
the 2015 and 2017 International Cartographic Conferences, informal discussions with members of 
the International Cartographic Association Commissions on Use, User, and Usability Issues and 
Cognitive Issues in Geographic Information Visualization (CogVis), as well as findings from my 
review of contemporary assessment methods (White 2017a).  
As one might expect, the desired features, functions, and content of a truly comprehensive 
database are so numerous as to be impractical without substantial time and resource investments. 
For instance, the webpages of both the Use, User, and Usability Issues (http://use.icaci.org/) and 
CogVis (http://cogvis.icaci.org/) commissions list a number of desired criteria, including links to 
references across all user studies, information about user study methods and techniques, a detailed 
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FAQ of why/when/how to implement those techniques, and tips for data analysis. Multiple 
stakeholders (who are themselves members of the ICA commissions) stated that a cartographic 
research database should be capable of directing researchers to best practices at every stage of their 
research, ranging from the best possible match between study questions and methods of inquiry, 
to the formatting and organization of published articles. In its ideal, overly-ambitious form—one 
beyond the scope of my research—the desired database will be both encyclopedic and context-
aware, in that it will contain information about a broad range of existing user studies, potential 
research agendas, and possible methods of inquiry, and be capable of adapting to the needs of any 
researcher using the database to assist in the design of the participant assessment component of 
their particular study.  
In its current form, CartoBase only partially fulfills the six listed criteria. Its limited 
functionality is purposeful, as my current objective is to demonstrate the database as a proof-of-
concept. In the future, as CartoBase grows, so will its functionality, and the stakeholder needs and 
expectations the database accommodates. I feel that it is critical that the future growth of 
CartoBase, as well as its maintenance, be collaborative and actively supported by the stakeholders 
it is designed to serve. So, as this project progresses, it will eventually require the backing of 
professional organizations and the larger cartographic community in the form of time, resources, 
and participation. 
 
3.3.2 Methods and Materials 
The development of CartoBase occurred over four major phases: 
 
1. Study Inclusion: involved the identification and collection of user studies for inclusion in 
the database.  
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2. Study Classification: involved the classification and cataloguing of each user study, as 
well as the preparation of study details for inclusion in the database.  
3. Database Construction: covered the processes of database construction and inputting 
study classification data. 
4. Database Maintenance & Refinement: The fourth phase, which is ongoing, represents the 
work necessary to maintain the database and make its information accessible for view 
and use in a variety of software and file formats. 
 
Phase 1: Study Inclusion 
The refereed user studies comprising CartoBase were obtained from five prominent cartographic 
journals published between 2005-2014: Annals of the American Association of Geographers 
(AAG; formerly the Annals of the Association of American Geographers), The Cartographic 
Journal, Cartographic Perspectives, Cartographica, and Cartography and Geographic 
Information Science (CaGIS). These journals were selected due to their visibility among academic 
cartographers and the frequency with which published user studies appear in these journals. Each 
journal was accessed via the University of Kansas Libraries database (lib.ku.edu), with the 
exception of Cartographic Perspectives, which is currently the only open access English-language 
journal devoted to cartographic research (cartographicperspectives.org). In the future, CartoBase 
will expand to include cartographic user studies published in any refereed journal.  
95 user study articles reporting on 110 separate experiments were published between 2005-
2014 (Table 7). Each of the 110 studies contained some quantitative measure of individual, within-
groups, or between-groups performance, likely explained by specific user differences and thus 
necessitating some type of participant assessment. 75 additional user study articles published in 
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these same five journals between the years of 2000-2003 and 2015-2016 have been gathered and 
await classification. An up-to-date bibliography of CartoBase entries is available at 
https://osf.io/ur6xn/. 
 
Table 7. User study characteristics by refereed journal. 
Journal Studies Experiments Participants a 
Annals of the AAG 9 12 839 
Cartographic Journal 30 33 3161 
Cartographic Perspectives 8 8 802 
Cartographica 16 20 2440 
CaGIS 32 37 3182 
a Two participant sample sizes were not reported. 
 
The remainder of this article employs the following terminology. The terms “study” and 
“user study” refer to a single published research event in which human subjects participated. An 
individual research event is an “experiment,” regardless of whether non-experimental methods 
were used (such as focus groups or expert interviews). “Experimenter” refers to the individual 
conducting the research; a single publication can report on multiple experiments. “Participants” 
refers to the human subjects recruited to participate in the experiment and provide the experimenter 
with data. “User differences” refers to the measured or observed differences among participants, 
which may occur before, after, or as part of an experiment. “Participant assessment” refers to the 
gathering of any user difference information that was not acquired as part of the formal experiment, 
such as background questionnaires that are completed before an experiment begins. Typically, 




Phase 2: Study Classification 
Once the user studies were compiled, the published details of each study were classified and 
catalogued to record every occurrence of user difference and participant assessment data. 
Specifically, in White (2017a) I recorded every instance where an author collected user difference 
data or utilized a participant assessment method, and categorized those data using 30 variables. 
CartoBase uses a similar approach, adding more stringent, descriptive categorizations to the types 
and levels of detail of the reported information. Study components were classified and catalogued 
across five dimensions: Study Identification, Study Parameters, Participant Sample Data, User 
Differences, and Participant Assessment Methods.  
Study Identification covers the essential identifying information of individual studies. 
Categories include bibliographic information such as study title, DOI, author names and 
affiliations, abstract, and reference information. Study Parameters contains basic information 
about the design and execution of the study, such as method(s) of investigation, study setting, and 
study session lengths. Participant Sample Data contains general information about the participants 
of each experiment, including participant sample size and recruitment and remuneration methods. 
User Differences manages the specific user difference information gathered over the course of 
each study, such as a participant’s age or level of education, and how those data fit into the reported 
experiment. Typically, user difference information was used to analyze study outcomes, although 
authors frequently reported user difference information without explaining its relevance to the 
study itself. The Participant Assessment Methods dimension describes the method(s) used to 






Figure 3. Variability in the reporting level of specificity. Consider this example from Fish et al. (2011, 352): “Seventy-
eight students, mostly undergraduates, from 46 different majors at Michigan State University participated in the study. 
Each participant was compensated $10 for about 30 minutes of his or her time.” The following study components 
were coded Reported, details provided: sample size (78), remuneration ($10), sample source (university students), 
session length (30 minutes). These components were coded Reported, no details provided: education level (“mostly 
undergraduates”), academic major (46 unidentified different majors). The study component “recruitment method” was 
coded as Not reported because the authors did not report this information here (or elsewhere in the article). 
 
While bibliographic information such as the article title or DOI were simply recorded as 
they appeared in print, the majority of study components, required two levels of classification: first 
to indicate whether the variable was reported, and second to indicate the level of specificity of the 
reporting (Figure 3). This schema produced four possible outcomes: 
 
• Reported as “not gathered”: Author explicitly stated they did not collect a specific piece 
of information or perform some action. For instance, if the author stated they did not assess 
map expertise, then this was coded “Not Gathered”. 
• Reported, details provided: The information was collected and reported on in the 
published article. Examples include the range and median age of all participants, or stating 
that no participants reported suffering color blindness. 
• Reported, no details provided: Author reported (or made a passing reference to) having 
collected some piece of information or performed some action, but provided no additional 
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information. For instance, if an author wrote “females preferred X” without reporting the 
number or ratio of female participants, the presumption is the author did gather this 
information even if it wasn’t reported. 
• Not reported: Author did not report any information on the topic. 
 
The contents of CartoBase are limited to the scope of my research—the identification and 
implementation of user differences and participant assessment best practices. As a result, many 
critical study design issues such as task ordering or selected methods of statistical analysis were 
not catalogued for inclusion in the current iteration. In the future, CartoBase will expand to 
catalogue these missing components. Also, note that CartoBase relies on published information; 
thus, there is no way to distinguish between study design omissions (e.g., something did not occur 
in the experiment) and reporting omissions (e.g., something occurred, but was omitted from the 
published article). The relevance of particular study variables is context-dependent, and their 
absence from a given study is not necessarily indicative of a flaw in that study’s design. For 
instance, if color deficiency is not relevant to the topic under study, we wouldn’t expect the study 
author to assess it as part of the study or address the issue in the published article.  
 
Phase 3: Database Creation 
Contemporary cartographic user study design models typically follow User-Centered Design 
(UCD) frameworks, wherein end-users have active roles throughout research processes and their 
behavior influences experiment outcomes and the final design of products (Abras 2004, Soegaard 
and Dam 2012). I created CartoBase according to a UCD framework developed by Robinson et al. 
(2005), which follows a six-stage iterative process (Figure 4): 1) work domain analysis, wherein 
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end-users and developers communicate ideas and requirements of the final product; 2) conceptual 
development, the outline of desired features; 3) prototyping, the creation of working models; 4) 
interaction and usability studies, the informal and/or formal assessment of functionality and 
quality to identify design problems and offer revisions; 5) implementation, whereby revisions are 
made to the interface concept; and 6) debugging, whereby the developers address minor stability 
and usability issues prior to full release. Feedback loops are built into stages two, four, and five as 
a means to further improve the model.  
 
 
Figure 4. The Robinson et al. (2005) UCD model is an iterative, six-stage process devised for interactive maps, but 
is flexible enough to be adapted for most cartographic applications. Graphic from Roth et al. (2015). 
 
The advantages of the Robinson et al. (2005) UCD model are twofold. First, there are 
multiple cases of its successful application within the research community (Fuhrmann et al. 2005; 
Kramers 2008; Tsou and Curran 2008; Marsh and Haklay 2010; Resch et al. 2013), particularly 
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among cartographers who are also vocal advocates of a best practices resource and database. 
Second, the model helps organize which activities need to occur, and in which order, throughout 
the process. As described in this article, CartoBase is a stage 3 prototype, although it will undergo 
multiple iterations of stages 2 through 5 before entering stage 6. 
For Work Domain Analysis (stage one) I drew upon three sources of end-user input: a ten-
year review of cartographic user studies (White 2017a), presentations from conference paper 
sessions and workshops (April 2015, August 2015, April 2016), and informal conversations and 
interviews with colleagues and domain experts (February, April, October of 2016, and February 
2017). The desired features of CartoBase, determined during Conceptual Development (stage two), 
are discussed in the previous section on stakeholder needs. The remainder of this section will 
explain the how the CartoBase prototype was created. 
CartoBase was constructed using LibreOffice Base (libreoffice.org/discover/base), a front-
end database management system that utilizes a relational database of structured tables to organize 
and store information, similar to Microsoft Access or Filemaker Pro. LibreOffice is free, open-
source software distributed under the Lesser General Public License approved by the Open Source 
Initiative (available at: libreoffice.org/download/license). Its adherence to open access principles 
is the primary reason I selected this software over other options. The database and its contents are 
managed through a personal Open Science Framework project (https://osf.io/ur6xn/).  
CartoBase contains five linked tables, one for each of the dimensions discussed in Phase 2 
above: Study Identification, Study Parameters, Participant Sample Data, User Differences, and 
Participant Assessment. Figure 5 illustrates a single database entry. Each table is linked by the 
article DOI and a unique study ID. This data structure enables a variety of customizable queries to 
search for specific data or data combinations. Once the table variables were defined, the user study 
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data were added to CartoBase by first reading each study, determining the relevant variables or 
information, and then entering the variables or information in the respective tables. Due to the 
variety of article structures used by the reporting authors, there was no consistent method for 
locating and extracting the relevant variables or information (as previously mentioned, some 
authors consolidated participant data into standalone subsections, whereas other authors scattered 
the same information throughout their articles). 
 
 
Figure 5. A sample CartoBase entry. 
 
Phase 4: Database Maintenance & Refinement 
The adoption and long-term success of CartoBase will depend on continual maintenance and 
refinement. Maintaining the database requires keeping pace with emerging user studies and adding 
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those studies excluded from my limited sample. Eventually, CartoBase will expand to include 
those missing studies as well as study details that were purposely omitted from my research; 
ideally, future updates will occur in a collaborative environment where the researchers responsible 
for the research under question make direct contributions. In keeping with the tenets of the OA 
movement, all CartoBase documents are stored in a public COS Open Science Framework (OSF) 
repository (osf.io/ur6xn/). OSF is an RDR developed by COS to support research project 
management and collaboration, data archiving, data sharing, and version control, similar to GitHub 
(github.com). Interested parties can access research materials, view change logs, and if granted the 
necessary permissions, contribute to or make their own modifications to the database. Refinements 
will help ensure CartoBase itself becomes (and remains) a user-friendly resource and tool.  
Currently, the database is limited by the scope of my research as well as the database 
software itself. LibreOffice Base is designed primarily for single users, which is sufficient for this 
iteration of the database, but problematic if attempting to accommodate multiple users. As a 
consequence, collaboration with other cartographic researchers, which is vital to the growth and 
longevity of CartoBase, cannot be practically achieved. In order to accommodate these 
stakeholders, the database will eventually have to migrate to a custom-built, publicly accessible 
website. As CartoBase grows in size in content and number of users and collaborators, it will be 
necessary to export this database and transfer it to a more robust, open source web-based database 
management system such as MySQL. 
 
3.4 CartoBase Demonstration 
As a resource and tool, CartoBase addresses several longstanding needs of cartographic 
researchers, including aggregating published user studies in a central repository, facilitating study 
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design and study reporting decision-making, and providing a tool to identify and implement best 
participant assessment practices (and, eventually, best practices for all facets of user study 
research). CartoBase abbreviates the often tedious process of exploring or locating existing studies 
using multi-disciplinary databases and retrieval systems such as Web of Science, Elsevier Scopus, 
or Google Scholar, most of which operate behind a paywall; the convenience afforded by 
CartoBase can save valuable time, and allow the interested user to more quickly locate those 
studies most relevant to their own. Additionally, when viewing all user studies in aggregate, it is 
easier to establish groupings of relevant versus irrelevant research using simple search and query 
functions.  
In this section, I present 1) a general data summary of the CartoBase contents, 2) explain 
the process for accessing and using the database, 3) demonstrate the sort of information the 
database is capable of providing, and 4) discuss the value of this information to cartographic 
researchers who are either planning or reporting the participant assessment components of their 
user studies. 
 
3.4.1 A Data Summary of CartoBase 
At the time of this writing, CartoBase contains information pertaining to 110 user studies published 
between 2005 and 2014 (Table 7). Due to various copyright permission issues, the database 
contains DOIs and key study details of each article, but not the published articles themselves. Until 
study authors start providing open access to their research articles and data, and contributing this 
information directly to CartoBase, CartoBase users will have to access each article independent of 
the database, such as through a university library system. 
CartoBase uses a relational model structure to store the details of 72 selected study 
attributes into 16 data tables. Figure 6 shows the overall data structure of CartoBase; refer to 
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Appendix A for additional information on the database structure as well as a complete description 
of each data attribute. As indicated previously, the study details constitute a large set of information 
gathered from five broad study categories (Study Identification, Study Parameters, Participant 
Sample Data, User Difference Information, and Participant Assessment Methods), with an 
emphasis on user difference and participant assessment data. The database contains two levels for 
most participant information: whether the information was reported on (e.g., “Reported, details 
provided” or “Not reported,”), and the specific published details.  
 
 
Figure 6. The organization of CartoBase by study attributes and data tables 
 
Table 8 shows the aggregate frequency with which selected data categories were reported. 
For each dimension there are two or three variables that are more frequently reported than others. 
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For instance, nearly all authors reported the sample sizes (n = 108, 98%) and settings (n = 99, 90%) 
of their user studies, but only about one-third reported how participants were recruited (n = 39, 
35%) or remunerated for their participation (n = 40, 36%). The reporting rates of some variables, 
such as education level (n = 86, 78%) or academic major (n = 71, 65%), can be attributed to the 
prevalence of university-derived convenience samples—the participant samples of 74 studies 
(67%) are fully or partially composed of graduate and undergraduate students. See White (2017a) 
for a thorough discussion of trends and issues related to these reporting rates. 
 
Table 8. Reporting rates of selected user study data categories. 
Participant Sample Data % User Differences % Participant Assessments % 
Sample Size 98 Sex 64 Assessment Method 68 
Study Setting 90 Age 63 Assessment Format 42 
Recruitment Method 35 Demographics 35 Self-Assessment 50 
Incentive Method 36 Education level 78 Controlled Assessment 21 
  Major / Field 65 Assessment Source 19 
  Level of Expertise 84   
 
 
3.4.2 Accessing and Using CartoBase 
A fully accessible version of CartoBase in LibreOffice Base format is available at its OSF project 
page (https://osf.io/ur6xn/), as are version-controlled tab-delimited files of all database entries and 
a bibliography of current entries. CartoBase functions like most relational databases. All user study 
records are indexed into related tables to facilitate various browsing, search, query, analysis, and 
export capabilities. The majority of table relationships are either one-to-many or many-to-many. 
For instance, one study experiment may be associated with many participant assessment methods, 
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and many authors have published more than one study in CartoBase. For more details on how to 
access CartoBase, refer to the tutorial in Appendix B.  
Each study experiment has a unique primary reference key as well as an easy-to-understand 
identifier label (“StudyID”) containing the first author’s last name, year of publication, publishing 
journal, and an alphanumeric character if multiple experiments took place. To illustrate, the two 
study experiments reported by Klippel et al. (2011) in the Annals of the Association of American 
Geographers were assigned the StudyIDs “Klippel_2011_AAG_1” and “Klippel_2011_AAG_2”, 
respectively. Users can browse all studies using a standard search interface, filter data using 
specific criteria, or use queries to find specific studies or compare study data from different 
categories. Data are viewable in tables, spreadsheets, and interactive forms, and the user can 
generate summative reports and data visualizations of selected content. A strength of this structure 
is that new study information can be added by linking new data tables to existing study keys rather 
than rebuilding entire sections of the database. 
 
3.4.3 Applications of CartoBase 
To illustrate how the query and analysis capabilities of CartoBase can be incorporated into a user 
study design, I will demonstrate three related applications of the database. For purposes of this 
demonstration, imagine a search for published studies to help design a lab-based, between-groups 
experiment comparing the performances of expert and novice university students across a series 
of tasks. This hypothetical scenario is useful because each of the three study parameters—(1) lab-
based, (2) between-groups, (3) expert vs. novice—feature prominently among the user studies 
within CartoBase. The first application demonstrates how to filter CartoBase to retrieve a subset 
of contextually-relevant studies using the three listed parameters. The second application 
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emphasizes how to filter CartoBase to make meaningful comparisons and evaluations between key 
study details. The third application emphasizes how CartoBase can be filtered or searched to 
identify potential methods for assessing user expertise. 
 
Application #1: Retrieve a subset of cartographic user studies that match the parameters of the 
hypothetical study context. 
The first application of CartoBase demonstrates one of its fundamental functions: searching and 
sorting user study details to help identify a relevant subset of user studies. To accomplish this, I 
will apply three filters to select records in CartoBase. Access to existing research is critical when 
designing a new study, as published findings often provide the key insights and inputs that shape 
emerging studies. Unassisted data discovery typically requires a substantial time commitment, 
even when using an online database or retrieval system such as Web of Science or Google Scholar; 
to illustrate, consider how long it would take to locate relevant studies among the 3,000-plus results 
of a Google Scholar search for “cartography lab between groups expert novice” between the years 
2005–20142. As we shall see, CartoBase, on the other hand, optimizes the search and retrieval 
process because its contents are already limited to cartography, and allows the user to filter studies 
into a manageable subset using a variety of contextual information about each study. 
A key feature of CartoBase is the ability to quickly search or filter the content using one or 
multiple study parameters. As the goal of this demonstration is to identify a subset of related lab-
based, between-groups user studies based on assessments of expertise, we specify three selection 
                                                
 
 




parameters: Study Setting (“Laboratory”), Study Design (“Between-Groups”), and Level of 
Expertise (“novice vs. expert”). Table 9 lists each parameter in order of their reporting rates across 
all 110 CartoBase studies. The Study Setting parameter filters out studies that occurred outside a 
laboratory and thus practices unsuited (or at least less suited) to a laboratory setting; laboratories 
are by far the most common setting (48%, n = 53). The Study Design parameter filters out studies 
that did not use a between-groups experiment design, which separates participants into two or more 
sample groups; only 20% of the user studies in CartoBase (n = 22) conducted a between-groups 
experiment.  
 
Table 9. Reporting rates of selected study parameters. 
Study Setting a n % Study Design n % Level of Expertise n % 
Laboratory 53 48% Within-Subjects 48 44% All levels/Various 41 37% 
Online 15 14% Mixed 40 37% Novice vs. Expert 18 16% 
Field 12 11% Between-Groups 22 20% Not Specified 18 16% 
Multi-site 10 9%    Novice only 17 16% 
Classroom 9 8%    Expert only 16 15% 
a 99 studies reporting 
 
The third parameter, Level of Expertise, indicates which level(s) of expertise was assessed 
in a study, regardless of domain. User studies are often designed to assess differences within a 
specific user group (such as within-subjects or repeated-measures designs) or compare two or more 
groups (between-groups design). Level of Expertise is a common grouping mechanism of 
cartographers. Among the database studies, nearly equal proportions focused solely on Novice 
participants (16%), Expert participants (15%), or Novice vs. Expert comparisons (16%) (Table 3). 
All remaining participant groups were either categorized as All levels/Various (37%) or Not 
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Specified (16%). All levels/Various means the study authors did not focus on one particular level 
of expertise or make comparisons between levels of expertise. Not Specified refers to studies that 
did not report on participants’ levels of expertise. For purposes of this demonstration, we’re 
interested in comparisons of novice and expert participants, rather than focusing on one specific 
level of expertise. 
 
 
Table 10. Subset of studies matching all three filtering parameters. 
Filter n % Study subset 
All studies 110 100%  
Lab-based 53 48%  
Lab-based + 
Between-groups 
13 12%  
Lab-based + 
Between-Groups + 
Novice vs. Experts 




Table 10 lists every study that fits all three selected parameters, if the three parameters are 
applied sequentially. Note how the pool of potential candidate studies reduces from 110 to 3. As 
one would expect, for every added parameter the number of retained studies decreases. The 
delimited group of user studies, while certainly not composed of every published study that may 
be relevant to the demonstration context, can provide valuable insights to help guide our 
hypothetical study design. Additional filtering parameters may be applied to further refine the 
subset. Unlike traditional literature searches—which often require tedious keyword, abstract, or 
text searches to find relevant study details—CartoBase allows the user to more quickly identify 
potentially relevant and useful user studies, and from there make quicker, more confident 
estimations of the relevance and usefulness of those studies.  
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Application #2: Identify an existing, high-quality definition of expertise suitable for the 
hypothetical study context. 
The second application of CartoBase demonstrates how it can use contextual information about a 
user study to assist in the identification and comparison of specific study details. The focus here is 
to ascertain the quality of the definitions of expertise provided by the study authors. Why is this 
relevant? Many researchers use expertise as the basis of their between-groups or mixed experiment 
designs. However, unlike grouping characteristics with fixed dichotomies such as sex (male vs. 
female), a participant’s perceived expertise will vary according to the definition in use. The quality 
of these definitions are determined both by the criteria used to establish expertise and the amount 
of detail reported in the published article. As this demonstration will show, some authors are more 
precise with their definitions of expertise, and thus there are stronger (and clearer) distinctions 
between groups in certain studies. 
As with Application #1, the subset of comparable definitions of expertise were obtained by 
applying a three-parameter search filter. For this search, however, Basis of Definition 
(“Education”) and Definition Reporting Style (“Explicit”) were combined with Level of Expertise 
(“Novice vs. Expert”), which reduces the pool of studies from 110 to 12 (Table 11). Basis of 
Definition is self-referential; study authors based their definitions of expertise on a limited number 
of user characteristics, including education, domain experience or expertise, cognitive abilities, or 
some combination thereof. Because our hypothetical study involves university students, I have 





Table 11. Subset of expertise definition matching all three filtering parameters. 
Filter n % Study subset 
All studies 110 100%  
Basis of Definition: 
Education 
41 37%  
Education + 
Explicit reporting style 
29 26%  
Education + 
Explicit reporting style + 
Novice vs. Experts 
12 11% Lloyd & Bunch 2005; Cromley & Ye 2006; Çöltekin et al. 2009; 
Hegarty et al. 2009; Stewart & Kennelly 2010; Klippel, Hardisty, & 
Li 2011; Baker et al. 2012; Deeb, Ooms, & De Maeyer 2012; Popelka 
& Brychtova 2013; Deeb et al. 2014; Ooms, De Maeyer, & Fack 2014 
 
 
Definition Reporting Style refers to the quality of reported definitions, which were either 
Explicit (clearly and explicitly defined in the article text) or Inferred (the definition was inferred 
from clues in the text). When an author does not provide an explicit definition nor adequately 
explain what makes for a “novice” or an “expert” in their particular study context, it is left to the 
reader to infer their meaning of expertise using clues from the text. Here is an example of an 
explicit definition from Stewart and Kennelly (2010, 524), which appears in Tables 11 and 12: 
 
“We considered as experienced those individuals with some graduate experience in 
computer science, graphic rendering with shading, and those individuals with some 
graduate experience in geography with cartographic hill shading.” 
 
Table 12 lists the twelve studies whose definitions of expertise fit the hypothetical context 
of this demonstration along with excerpts of the definitions themselves. While these twelve 
definitions are varied, each reveals to the reader the measureable criteria used to separate novices 
from experts. Generally speaking, it is easier to measure or assess expertise (or any user difference) 
if the criteria used to define it are clearly presented. From the reader’s perspective, clear and 
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concise information is easier to process, evaluate, and, if determined to be relevant, adopt for 
implementation. Of the twelve definitions, two (Cromley and Ye 2006; Çöltekin et al. 2009) are 
perhaps weaker in the sense that the articles do not wholly explain how their defining criteria were 
applied to establish two comparable groups. Certainly, other definitions are so specific as to have 
limited applicability outside their respective study contexts (Hegarty et al. 2009; Stewart and 




Table 12. Explicit definitions of expertise used to make novice-expert comparisons. 
Study Definition excerpt 
Lloyd & Bunch 2005 Major vs. minor commitment to geography 
Cromley & Ye 2006 Have they taken statistics course or how well do they understand frequency diagrams 
Çöltekin et al. 2009 Self-assessed proficiency levels using graphics and spatial data 
Hegarty et al. 2009 Experts (meteorology students) had a mean of 43 months’ training in meteorology … None 
of the undergraduate students had studied meteorology at the university level 
Stewart & Kennelly 
2010 
Experienced: graduate experience in computer science graphic rendering with shading; 
graduate experience in geography with cartographic hill shading 
Klippel, Hardity, & 
Li 2011 
Experts enrolled in 400-level course; non-experts enrolled in an introductory information 
science & technology class 
Baker et al. 2012 Experience-based discrimination of expertise: Domain experience questionnaire, 
geoscience concept inventory; minimum requirement: courses in physical/historical 
geology, geologic mapping 
Deeb, Ooms, & De 
Maeyer 2012 
Experts: work with maps on a daily basis, MA+; Non-experts: students at beginning of 
geographic education, no previous carto experience 
Popelka & Brychtova 
2013 
Differences between group of cartographers and non-cartographers were tested with use 
of Wilcoxon rank sum test. 
Deeb et al. 2014 Expert: work with maps on a daily basis, MA+ in geography; novice: secondary students, 
no map training 
Opach and Rød 2014 Self-assessed proficiency levels in cartography, GIS, and web technologies 
Ooms, De Maeyer, & 
Fack 2014 
Expert: MA + in geography or geomatics with carto training; novice: NO carto training, 




As a whole, the fluid nature of expertise prevents researchers from using common 
designations that are comparable across all user study contexts. Participants who fit the criteria of 
experts in study A may be considered novices in study B. Whether one particular type of expertise 
is more relevant or meaningful than another is highly dependent on the study context—What is 
being studied? In which circumstances? Using which methods and techniques? And yet, as 
CartoBase reveals, many cartographers exhibit inconsistency in how they conceive of, define, or 
assess expertise—even under similar study contexts. CartoBase can facilitate the evaluation of 
these definitions, but it is up to the researcher to determine which are appropriate to their study 
topic. 
 
Application #3: Identify suitably robust methods for assessing participant expertise. 
The third application of CartoBase demonstrates how it can help identify suitable methods for 
assessing user expertise. Having identified a subset of studies (Application #1) and definitions of 
expertise (Application #2) that may be relevant to our hypothetical scenario, we can now examine 
the various methods used to assess participant expertise. As discussed in Application #2, the 
criteria used to define expertise should provide clues as to how it can be assessed. For example, an 
education-based definition of expertise may consider a participant’s grade level, academic focus, 
course enrollment, class performance, or some other education-based measurement.  
I argue that an ideal assessment method should possess four characteristics: validity, 
reliability, timeliness, and practicality. Validity means the method assesses what it purports to 
assess. Reliability means the assessments are consistent and comparable across studies. Proof of 
validity and reliability require empirical evidence, which can range from information gathered in 
a pilot study to refereed articles. I combined these two criteria in CartoBase under the variable 
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Assessment Source, which indicates whether the study authors provided source data or empirical 
evidence in support of a particular assessment method. Across all CartoBase studies, just 20% (n 
= 22) reported their assessment sources. The last two characteristics, timeliness and practicality, 
speak to the ease of using an assessment method during an experiment. Both are equally important 
to a researcher with a limited amount of time to conduct all procedures in a user study. A timely 
assessment method can be deployed in the shortest possible amount of time, and a practical method 
should be as uncomplicated as possible. Surprisingly, the timeliness and practicality of assessment 
methods were not discussed in any of the studies currently in CartoBase. Some study authors did 
discuss both in regards to the overall studies themselves, but not specifically for assessment 
methods. Thus, in the remainder of the discussion I will focus just on validity and reliability. 
 
Table 13. Subset of expertise assessment methods filtered by level of expertise and source. 
Filter n % Study subset 
Expertise (all levels) 71 100%  
Novice vs. Expert 18 30%  
Expertise (all levels) + Expertise Assessment Source 2 3% Roth 2009; Baker et al. (2012) 
Novice vs. Expert + 
Expertise Assessment Source 
1 2% Baker et al. (2012) 
 
 
 To identify which valid and reliable methods were used to assess novice and expert 
participants, I applied a pair of filters to CartoBase: Level of Expertise (“Novice vs. Expert) and 
Expertise Assessment Source (“Reported”). As Table 13 shows, only one study (Baker et al. 2012) 
used assessments that fit both parameters. Baker et al. (2012) measured expertise using 
assessments of domain-specific knowledge (a nineteen-question Geoscience Concept Inventory) 
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and experience (the Domain Experience Questionnaire-Geology). Removing the Level of Expertise 
revealed just one other user study (Roth 2009) that reported Expertise Assessment Source for any 
level of expertise. Roth (2009) measured participant expertise across three realms 
(education/training, work experience, and self-reported expertise) and two domains (floodplain 
mapping, map use and interpretation) using just six questions.  
In both Baker et al. (2012) and Roth (2009), the authors were able to generate responses 
that allowed for precise differentiation between types and levels of user expertise. The primary 
differences between each method, aside from the specificity of their respective domain topics, 
relate to their timeliness: whereas the Roth approach utilized just six questions that could 
conceivably be answered in a short timespan, the comprehensive approach taken by Baker required 
substantially more time to complete.  
As Table 13 shows, 97% of study authors did not report having used empirically validated 
and/or reliable methods for assessing their participants’ expertise. Rather, they appeared to have 
used ad hoc assessments which were described in varying detail. Some authors were fairly 
descriptive in how they determined expertise, utilizing an approach similar to Hope and Hunter 
(2007, 202), one of the eighteen studies comprising the Novice vs. Expert subset in Table 13:  
 
“The participants’ experience in dealing with spatial data varied from novice 
undergraduates to experienced mature-aged postgraduate students employed in 
professional positions where they were using spatial information to assist in decision-
making on a daily basis. The students subjectively classified themselves into one of three 
experience levels, which were described as: (1) novice (less than six months’ experience 
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using GIS); (2) some experience (between six months and two years of experience of using 
GIS); and (3) experienced (more than two years’ experience of using GIS).” 
 
As CartoBase reveals, some authors were less forthcoming, only mentioning what was 
assessed without providing descriptive information about the assessment itself. For example, 
Ooms et al. (2012, 240), another study in the Novice vs. Expert subset, reported “…a questionnaire 
was presented that gathered background information, structured in several themes [including] 
familiarity with web maps…” but did not state how the questionnaire assessed web map 
familiarity. Other authors simply approximated participant expertise using nominal assignments, 
such as geography majors vs. non-majors. Unfortunately, as this application of CartoBase also 
reveals, too many study authors omit relevant information about the participant assessment 
methods used in their respective studies. This last finding reinforces the potential value of an OA 
database, which could store details such as those which were omitted from their final publications. 
 
3.4.4 Demonstration Conclusion  
CartoBase is capable of supplementing user study research decisions by effectively and efficiently 
representing a variety of contextually-relevant user study details. Whereas many of these details 
would otherwise remain obscured or difficult and time-consuming to obtain, CartoBase strives to 
make them as visible and organized as possible. The act of archiving and managing minute study 
details in a public forum makes existing research more accessible and transparent. From an 
author’s perspective, organizing all of the details of their study and making them comparable with 
all other user studies is a form of quality assurance. From a reader’s perspective, this enables 
researchers to more effectively use published studies to guide and strengthen their own user 
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studies, and the approach may even lead to new insights about the topics they study, how they 
study them, and how they communicate their findings. 
 
3.5 Conclusion 
The purpose of CartoBase is to demonstrate how a sizable body of user study research can be 
aggregated and organized in an open access environment as a means to improve the quality and 
consistency of emerging cartographic research. Current processes for accessing and examining the 
details of published user studies are unnecessarily restrictive and at odds with the modern scientific 
move toward greater data accessibility, management, and sharing. The fact that cartographers lack 
an online cartographic research database—even a generic search-and-query bibliography—is 
unacceptable. Contradictorily, while such a database has long had widespread support, there is no 
evidence of any strategic follow-through; this is likely an effect of the time and resources necessary 
to implement such a database.  
 Establishing a truly comprehensive database of existing cartographic user studies is a long-
term, resource-intensive undertaking beyond the practical scope of my research. The database is 
currently limited to a subset of cartographic research, from a small selection of peer-reviewed 
journals and a limited time frame, and has been tailored to investigate my specific research 
questions. There are some actions CartoBase cannot, and should not, perform. For example, while 
CartoBase provides information to help researchers make study design decisions, it does not make 
those decisions itself (nor is it capable of doing so). Nor does CartoBase render judgment on the 
perceived quality of a published study or the methods used by a researcher. It is up to the due 
diligence of the researcher to gather and weigh such information, and choose the best possible 
courses of actions. Because CartoBase only provides aggregated, categorized overviews of 
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published user studies, it is up to the researcher to take the extra step of examining the text of the 
published study in detail. 
 CartoBase is intended to supplement current study design and reporting processes. 
However, there are a number of challenges to address if it is to evolve and gain acceptance in the 
cartographic community. The long-term challenges range from gathering more than just a limited 
study sample, to releasing a fully collaborative, certified RDR and database for the international 
cartographic community, and responding to these challenges will require considerable time and 
resource commitments. Perhaps even more onerous are the challenges of changing our present 
research and publication cultures. While raising awareness of OA may be a relatively simple 
matter, convincing researchers to incorporate OA as a matter of standard research practice is not. 
However, encouraging cartographers to share their data in an OA environment such as CartoBase 
is a logical—and valuable—step toward addressing these challenges, and improving the overall 
quality and consistency of cartographic research. 
 Bearing such limitations and challenges in mind, the current iteration of CartoBase serves 
as both an operational template and a proof-of-concept as my research progresses and the database 
evolves. The long-term goal of CartoBase, as both a bibliometric, encyclopedic database and 
cartographic research tool, is to enable the identification and implementation of best practices at 
all stages of cartographic user study design, execution, analysis, and reporting. The specific 
examples of user differences and participant assessments—often under-reported or overlooked 
entirely in the cartographic literature—effectively illustrate the value this database brings to the 
study design and reporting workflow.  
The OA characteristics must also play a central role in CartoBase’s continual development. 
Conventional cartographic research is becoming more open access and collaborative in nature. As 
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long as we lack the tools and resources that encourage OA behaviors—improving data discovery 
and sharing, encouraging data integrity and transparency, and facilitating the identification and 






















CHAPTER 4. A PROCESS TO IDENTIFY AND IMPLEMENT 
BEST PRACTICES IN CARTOGRAPHIC USER STUDIES 
 
Abstract 
A key issue confronting the cartographic community is the notion of “best practices” and its lack 
of implementation within cartographic user studies. A review of the current literature indicates that 
cartographers embrace a diverse body of optimal, sub-optimal, and ad hoc qualitative and 
quantitative methods to conduct and report on their user studies. Building on the question of how 
cartographers can improve quality and consistency in user studies (White 2017a) and the 
development of a cartographic user study database (White 2017b), this paper examines the concept 
of best practices to establish a systematic process for their identification and implementation in 
user studies. The proposed process, Cartographic User Study Solution-Driven Benchmarking 
(CartoSDB), is a novel, user-friendly benchmarking process that systematically searches and 
compares the contextual information of published user studies to identify the best available study 
methods for any study context. Utilizing a simple six-step procedure, CartoSDB defines a specific 
user study design problem or issue and establishes the criteria sufficient to compare potential “best 
practice” solutions and the study contexts for which those practices were originally used. Based 
on this information, cartographic researchers can make more informed and consistent decisions 








A key issue confronting the cartographic community is the notion of “best practices” and its lack 
of implementation within cartographic research (Çöltekin et al. 2017; Roth et al. 2017). Best 
practices refer to methods, procedures, or sets of guidelines that are considered superior to any 
comparable alternative practices intended to achieve the same outcome. Cartographic user studies 
refers to experimental research utilizing quantitative and qualitative methods to measure and 
observe the attitudes and behaviors of map users (Çöltekin 2015). By using and adhering to best 
practices, cartographers stand to gain reliable and valid results from user studies, including their 
design, implementation, and publication of the study’s outcomes.  
 Unfortunately, cartographers have never formally established cartographic best practices, 
nor the conditions necessary to identify them. Instead, cartographers embrace a diverse body of 
optimal, sub-optimal, and ad hoc qualitative and quantitative methods to conduct and report on 
user studies. As established methods of investigation give way to novel approaches and analytical 
techniques, it is critical that cartographers effectively pair particular research questions with the 
best methods available (Montello 2002; Çöltekin 2015). The challenge is recognizing which 
practices can produce a desired outcome, and then being able to select the best available practice 
for a given study context.  
 Building on my question of how cartographers can improve quality and consistency in user 
studies (White 2017a) and my development of a cartographic user study database (White 2017b), 
this paper examines the concept of best practices in user studies to establish a system for their 
identification and implementation. Based in part on the findings of the aforementioned articles, I 
propose a novel, user-friendly best practices identification process suitable for decisions affecting 
the recruitment and assessment of participants prior to their involvement in a cartographic user 
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study. The identification process, and my recommendations, are based on a large body of best 
practices and benchmarking literature that emerged in the 1980s (Camp 1989), matured in the 
1990s (Bogan and English 1994; Camp 1995; Keehley 1997), and which continues to shape 
professional (Anand and Kodali 2008), scientific (National Research Council 2005; Cresswell et 
al. 2011; Oakley and Daudert 2016), and academic (Alstete 1995; Bifulco and Bretschneider 2001) 
landscapes. My ultimate intention is that the process will enable researchers to efficiently identify 
and implement the best available practices throughout a user study lifecycle.  
 The paper proceeds in seven sections. I begin with a review of my related research, with 
special emphasis on user differences and participant assessments. Next, I preview user study 
contexts, which have an important role in my best practice identification method. Following this, 
I critique the concepts and functions of best practices, clarify the need for best practices, and 
examine the conditions necessary to correctly identify them. Next, I provide critiques of existing 
benchmarking models used to identify best practices and their applicability to cartography. Then 
I propose and demonstrate a novel benchmarking model, Cartographic User Study Solution-Driven 
Benchmarking (CartoSDB), to identify best practices when designing user studies. Throughout the 
article, I address the short- and long-term challenges associated with identifying, implementing, 
and maintaining best practices within cartographic research. The intended outcome of this paper 
is not to produce a list stating which research practices are better or best, or instruct researchers in 
their correct implementation. Rather, my expectation is that the reader will gain a stronger 
appreciation for the necessity of pursuing best practices, and adopt my benchmarking process to 





4.2 Review of Related Research  
The purpose of this section is to review the research related to and underlying my search for 
participant assessment best practices. The first section introduces two important components of 
user studies, user differences and participant assessments, and the issues that compelled my search 
for best practices. The second section outlines the findings from a review of cartographic user 
studies (White 2017a), and how that led to the creation of a cartographic user study database known 
as CartoBase. The third section describes four purposes of CartoBase, a one-of-a-kind, open-
access, collaborative user study database developed for the cartographic research community. 
 
4.2.1 The Importance of Assessing User Differences 
User differences and participant assessments are the application areas underlying my search for 
best practices. The term user difference refers to any measurable or observable difference between 
individuals participating in a user study, and can apply to any innate or learned characteristic, skill, 
or ability. Age, sex, domain expertise, and cognitive abilities such as spatial awareness are 
common examples. Participant assessments, the term given to any process outside the formal 
study used to gather or measure user difference data, are an essential component of user studies 
because they frequently form the basis for comparing study outcomes. Examples of participant 
assessments range from self-reported background questionnaires to specialty tests such as the 
Vandenberg Mental Rotations Test (Vandenberg and Kuse, 1978). The assessment of user 
differences is a critical component of nearly every user study, because 1) user differences influence 
user study outcomes, and 2) assessing those differences enables direct comparisons of study 




Whereas cartographers recognize the importance of user differences, they do not subscribe to 
standardized ways of assessing them. Three factors are responsible for the uneven variety of 
assessment methods currently in use:  
 
1. The user difference being assessed, and the conditions under which they are assessed. 
Substantially different methods are required for assessing user differences such as age and 
spatial working memory, in different experiment environments, and when using different 
hardware and software. 
2. The lack of validated assessment guidelines. In lieu of formal assessment design and 
selection guidelines, and based on my previous research (White 2017a), researchers rely 
on a combination of non-cartographic sources, their own best judgment, or other published 
user studies. 
3. Uneven quality of published studies. As discussed in Section 2.2 below, study authors 
frequently omit useful assessment details from their published articles, which prevents 
other researchers from adopting those methods for their own use. 
 
Taken together, these factors prevent cartographers from maintaining some measure of 
consistency from user study to user study. While the first factor is necessary and unavoidable, 
cartographers can take steps to curtail the other two. Establishing validated assessment guidelines 
and encouraging authors to include more details about participant assessments in their published 
article will help improve the overall quality and consistency of all participant assessment methods. 
If we produce community-authored assessment guidelines specifically for cartographic research, 
either as an edited volume or as a collaborative online resource, then cartographers can base a 
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greater proportion of their study decisions on expert-derived knowledge. If we produce similar 
guidelines to standardize how user studies are reported, then we can set a “baseline” for the 
expected quality and quantity of future study articles. 
 
4.2.2 Review of Cartographic User Studies 
The literature provides few clues regarding how cartographers fit assessments of user differences 
into their user studies. To investigate how cartographers handle this in practice, I conducted a 
systematic review of 104 user studies published in five refereed journals over a ten-year span 
(2005-2014) (White 2017a). The goal was to identify any observable patterns regarding the 
selection of user differences, their methods of assessment and, if reported, the authors’ 
justifications for those decisions. The study revealed three broad patterns. First, relatively few user 
differences are gathered in a typical study; age, sex, education level, and some measure of domain 
expertise are most common. Second, aside from three user characteristics (age, sex, education 
level), there is little consistency regarding which other differences are assessed, or how they are 
assessed. For instance, some authors use broad definitions of expertise (e.g., map expertise) and 
assess it in general terms (e.g., asking “indicate how often you use maps”), whereas others use 
narrow definitions (e.g., meteorological expertise) and more precise assessments (e.g., years of 
training or professional work experience in meteorology). Third, there are substantial ranges of 
quality and detail among the reported information; simply put, some authors do a measurably better 
job of reporting their research than others. Few authors report having used valid or reliable 
assessment methods to measure or establish group differences, suggesting that some researchers 
rely on ad hoc or non-validated methods even if better options are available. 
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Although my review did reveal which assessment practices are more frequent (and perhaps 
more preferred), there were few outright statements or clear evidence of which were demonstrably 
better or best. Given the diverse nature of study topics, the appropriateness of any particular user 
difference or assessment method is context-dependent, and will vary from study to study. While 
the importance of participant assessments is not in dispute, they merit more allotted time and 
attention to detail at all stages of a user study than they currently receive. An ongoing challenge, 
then, is providing cartographers with empirically-based best practices to guide their selection, 
implementation, and reporting of user differences and participant assessments. 
 
4.2.3 CartoBase 
The next phase of my research was to organize the published details of 110 user studies into a 
searchable database (White 2017b). I developed a prototype database, CartoBase (short for 
cartographic user study database), for four overlapping purposes (osf.io/ur6xn). First, CartoBase 
aggregates and organizes user difference and participant assessment details into a searchable 
archive; at present, there is no such publicly available archive. Second, CartoBase is both a 
communication and exploration tool that expedites the processes of 1) locating studies or topics of 
interest, 2) comparing the practices of two or more studies, and 3) grouping authors or studies 
based on who did what research. Third, CartoBase demonstrates, and is intended to promote, the 
value of open access and open research initiatives to the cartographic research community. 
Scientific research and publication culture have evolved over the past two decades to encourage 
(and often demand) the removal of barriers preventing data transparency, sharing, and 
accessibility; the future growth and success of CartoBase are predicated on cartographers 
collaborating to ensure our research—data and literature—is digitally open and accessible to all. 
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Fourth, and leading directly to this article, CartoBase enables a variety of measurable comparisons 
between its collection of existing studies, specifically those methods used to recruit, vet, and assess 
human subjects prior to their involvement in their respective studies. The purpose of such 
comparisons is to help in the identification of best participant assessment practices.  
 
4.3 The Relevance of User Study Contexts 
Most definitions of context (e.g., Abowd et al. 1999; Greenberg 2001; Reichenbacher 2003; 
Schlichtmann, H. 2009; Griffin et al. 2017) describe it as the circumstances or environment in 
which a situation or activity occurs. Contextual information gives us a frame of reference to make 
better decisions in a given situation, and we understand that context changes depending on the 
situation. For example, subway maps and in-car GPS devices are both navigational aids, but their 
intended contexts of use are completely different. A mapmaker must determine which contextual 
information is relevant for designing the best possible map for either situation. Subway commuters 
of all ages and literacies need to be able to determine their location and the route to their destination 
as quickly and correctly as possible; for this reason, subway maps typically adhere to a near-
universal, geometrical, color-coded design that is recognizable. In-car GPS devices are intended 
for use in any location, in all traffic and weather conditions, and at any time of day, meaning the 
map and the information it displays—including the position of the car, the distance to the next 
turn, traffic congestion—have to be as precise, up-to-date, and, perhaps most importantly, as non-
distracting as possible. 
Context is so influential to cartographic research and design that it was the focus of a recent 
research agenda of the International Cartographic Association Commissions on “Use, User, and 
Usability Issues” and “Cognitive Issues in Geographic Visualization” (Griffin et al. 2017). 
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Cartographers rely on contextual information to design better maps and perform better research. 
In their research agenda, Griffin et al. proposed a model that could be used to systematically 
evaluate the relevant contextual information of two distinct map use situations, and determine if a 
particular map design is transferable across those contexts. I have integrated their concepts of 




Figure 7. Illustrating the concept of transferability. The potential for a participant assessment practice to be transferable 
from its original study to a new study depends on the degree of similarity between the study contexts. For example, 
an assessment of expertise designed exclusively for an online experiment using participants sourced from Amazon 
Mechanical Turk (User Study A) may not be transferable to a full-day field mapping exercise involving graduate and 
postgraduate participants (User Study B). However, a comparison of their shared contextual information will indicate 
if the two studies are similar enough that the assessment of expertise will work in the field study. If the two contexts 
are similar (A), then the assessment is transferable. If the studies share some context (B), then the assessment may be 
transferable with minor or major modifications. If the contexts are different (C), then the assessment is non-
transferable. 
 
Originating from qualitative research, transferability refers to the extent to which research 
results can be transferred situationally to other contexts rather than generalized to all contexts 
(Lincoln and Guba, 1985). To determine if a practice is transferable from one situation to another, 
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you should first identify the contextual factors that define each situation. Next, you should 
establish which of those contextual factors are the most relevant to each situation. Then you should 
determine how many relevant contextual factors they have in common. Based on the degree of 
similarity between those contexts, a practice is either deemed transferable (the situations are alike), 
transferable with modifications (the situations are similar but not identical), or non-transferable 
(the situations are not alike). Figure 7 illustrates the general principle.  
I argue that what constitutes a “best” practice is distinctly context-dependent. Identifying 
and implementing any user study best practice necessitates an understanding of the context under 
which a particular study is being conducted. Thus, research methods are not one-size-fits-all, and 
neither are rules and guidelines cartographers have devised to guide the design of user studies; it 
is unlikely that cartographers will ever create a single research design that is suitable to all user 
study contexts. However, the contextual information of a user study will provide direct clues as to 
which study techniques or assessment methods are appropriate for that particular study. For these 
reasons, context and transferability are key components of my proposed method to identify best 
practices for any given user study context.  
 
 
4.4 Best Practices 
4.4.1 Best Practices Overview 
The concept of “best practices” is common across many research domains, such as medicine 
(Cresswell et al. 2011), education (Fram and Camp 1995), journalism (Society of Professional 
Journalists 2014), social science research (Osborne 2008), business management (Camp 1998), 
and software development (Wilson et al. 2014). But what, specifically, defines a best practice? 
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There are nearly as many definitions of “best practice” as there are domains in which it is applied. 
Presented here are four examples: 
 
• “Any practice, knowledge, know-how, or experience that has proven to be valuable or 
effective within one organization that may have applicability to other organizations.” 
(O’Dell & Grayson 1998, 167) 
• “Those practices that have been shown to produce superior results; selected by a systematic 
process; and judged as exemplary, good, or successfully demonstrated.” (American 
Productivity and Quality Center, 1999) 
• “A “best practice” is a results-oriented process or practice that enables an organization to 
accomplish performance results that cause it to lead its industry in achievement of goals. It 
operates in a frame of reference, and should be considered primarily in relationship to the 
environment in which it is found.” (Saunders 1999, 20) 
• “Best when compared to any alternative course of action and that it is a practice designed 
to achieve some deliberative end.” (Bretschneider et al. 2005, 307) 
 
These definitions—and many others (e.g., Osborne 2008; Klein et al. 2016)—emphasize a 
few key concepts. First, a practice is any action that produces a result. Second, best practices will 
enable superior performance or outcomes. Third, best practices must be identified using some 
formalized comparative or evidence-based process. Fourth, “best” is a moving target, and changes 
over time or according to context; what may be considered a best practice in a given scenario may 




4.4.2 The Need for Best Practices 
So why pursue best practices, or develop a step-by-step procedure for identifying them? I suggest 
the following three related issues underlie why the search for and implementation of best practices 
in cartography is necessary, and would be beneficial to our research community. 
 
• The variety of cartographic research methods in use 
Cartographers are employing a variety of methods to investigate many different questions, 
map use behaviors, and mapping technologies, many of which have been adapted from 
other domains. The diversity of methods reflects the nature of the issues being researched, 
ranging from geospatial big data (Robinson et al. 2017), interactivity (Roth et al. 2017), 
and geovisualization (Çöltekin et al. 2017), to the role of user differences (Elzakker and 
Wealands 2007; Dykes, Lloyd, and Radburn 2007). As the cartographer’s methodological 
toolbox expands, so too, must our documentation that these methods are valid and reliable 
to the questions under study.  
 
• Evidence of inconsistent research methods & need for guidelines 
As revealed in White (2017a), existing user study practices are inconsistent in the manner 
in which they are designed, implemented, and reported on. Cartographers employ a 
widening variety of methods to measure and report on user differences, not all of which 
are valid or reliable. At present, there is a general lack of guidelines to assist researchers as 
they design and implement user studies (Roth et al. 2017), including participant 
assessments. Without formal guidance, how can researchers, particularly those new to or 
unfamiliar with cartography, expect to distinguish between optimal and sub-optimal 
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practices? Establishing formalized best practice guidelines will help cartographers answer 
this question and select appropriate study methods.  
 
• Best practices will improve user studies 
Promoting and adhering to best practices will improve the overall quality and consistency 
of cartographic research. As such, the cartographic community should prioritize the 
development of a practical, systematic method to identify best practices. Fortunately, 
several things work to our advantage in this respect: 
 
1. The size of the cartographic community. Cartography is a relatively small discipline 
with a limited academic and professional footprint (compared to, say, GIS), which 
fosters greater communication and collaboration among colleagues, and eases our 
ability to stay atop emerging trends and findings. 
2. The amount of published cartographic research. While the body of cartographic 
research is substantial, it is also relatively manageable compared to, say, the broader 
domain of geographic information science. Any effort to account for the bulk of 
published cartographic user studies (and the bulk of existing methods) is a realistic, 
attainable goal. 
3. Current online tools such as GitHub (github.com) and the Open Science Framework 
(osf.io) are available to help us organize existing research and existing practices, 





4.4.3 Criteria for a Best Practice 
The literature points out that the term best practice is something of a misnomer, as it is unlikely 
there is a singular best way to measure or capture a particular map use phenomenon or 
experimental variable (Klein et al. 2016). The simplicity of the concept belies the complexities of 
identifying and implementing an undisputed best practice for a given scenario, and obscures the 
likelihood that more than one appropriate course of action may exist. For this reason, it is important 
to organize practices according to their perceived or measurable worth. Most practitioners use 
some variation of a good-better-best scale (Figure 8). 
 
 
Figure 8. Two common best practices rankings. A) organizes all available practices into four tiers, placing sub-optimal 
practices at the bottom, followed by existing practices, improvements over existing practices, and best practices. B) 
organizes best practices into four levels of increasing quality and applicability: once proven, a good idea becomes a 
good practice, which can become a local best practice if it is the best approach for a specific set of circumstances; at 
the top are best practices that are applicable to all circumstances. 
 
What actually constitutes a best practice depends on its context of use. For example, what 
a software developer considers a best practice may not translate to cartography; and what a critical 
cartographer considers a best practice may not be embraced by those taking a conventional, 
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positivist approach. In addition to being moving targets, best practices also evolve: emerging 
techniques, technologies, and methodologies constantly reshape and influence which practices are 
optimal in a given scenario. Nevertheless, the literature suggests an overlapping set of generalized, 
essential criteria that apply to every best practice (see, for example, Camp 1995; Keehley 1997; 
Klein et al. 2016): that it shows measurable success, has a proven track record, is replicable with 
modifications, is transferable, and is recognized as innovative and important to the organization 
studying the practice. Taken together, a best practice is measurably better than the alternatives, is 
adaptable and transferable, and its potential users will recognize its value and want to adopt it in 
their existing work or research processes. 
Confounding the establishment of a single set of best practice criteria for all user studies is 
the variety of contexts that shape each user study. While those generalized criteria listed above are 
helpful guideposts, they are not particularly informative when a researcher is looking for a single 
best practice to be used in a specific user study context. In these situations, identifying a suitable 
best practice is contingent on knowing the relevant contextual factors shaping a user study and the 
outcome the practice is expected to produce. For example, imagine a researcher is designing a 
repeated-measures navigational exercise to study the map reading abilities of elementary-aged 
children, and the exercise will take place on their school playground. If the researcher plans to 
assess their map literacy prior to the exercise, the study context will influence the choice of 
assessment: the study setting (outside, school playground) precludes a computer test, the age of 
the participants (children) means the test must be written to their age and development level, and 
the type of exercise (navigational) suggests that the test should focus on wayfinding rather than 
thematic map literacy. These study details provide enough contextual information—about the 
information the researcher expects to assess as well as the conditions under which the assessment 
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will be performed—to establish a set of criteria that can determine if a given practice is potentially 
the “best” practice for that study. Contextual information is key to best practices in user 
studies. Therefore, the more specific the context is, the more likely a desired outcome can be 
achieved. 
 
4.4.4 Conditions for Identifying Best Practices 
While the criteria discussed in the previous section can indicate what constitutes a best practice in 
a given context, the criteria do not tell us explicitly how to identify one. Researchers cannot use ad 
hoc methods or rely on human judgment alone to identify best practices. Bretschneider et al. (2005, 
307) suggest that two “necessary and sufficient” conditions must be met in order to appropriately 
identify the best practices for a particular context: comparability of cases and completeness of 
cases. 
 Comparability of cases (or the “comparability condition”) refers to the ability to compare 
specific cases or practices based on their shared characteristics and the outcomes they produce. 
The more alike two practices are, the more possible it is to make a sufficient comparison between 
the two and determine which one is better or produces the more desirable result. For example, if a 
researcher wants to improve the language of their demographic questionnaire, they should compare 
it to other demographic questionnaires and not, say, spatial ability tests.  
Completeness of cases (or the “completeness condition”) refers to having a sufficient set 
of cases, studies, or practices to compare. Bretschneider et al. (2005) stipulate that sufficient 
comparability requires the inclusion of all comparable practices, arguing that the smaller the group 
under comparison becomes, the greater the likelihood that a better practice falls outside that group. 
For example, if a researcher wants to find the best demographic questionnaire available, they 
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should compare as many questionnaires as possible and not limit their comparison to just two or 
three examples. The authors do acknowledge the impracticality of achieving true “completeness,” 
and leave it up to the researcher to determine when a group of practices is sufficiently large enough 
to enable sufficient comparability.  
 According to Bretschneider et al. (2005), a limitation of many identification efforts is that 
the selected processes or practices are not sufficiently comparable, and/or the number of cases are 
insufficient to identify a “true” best practice. The comparability and completeness conditions 
address this by setting appropriately rigorous thresholds by which to make comparisons. In the 
next section I survey the procedure of “benchmarking for best practices” and propose a variation 
that utilizes CartoBase as a way to satisfy both the comparability and completeness conditions and 
help researchers identify best practices. 
 
4.5 Benchmarking for Best Practices 
4.5.1 Defining Benchmarking and Early Developments in Benchmarking 
An early definition of benchmarking described it as a formalized, evidence-based, comparative 
process designed to evaluate “the products, services, and work processes of organizations that are 
recognized as representing best practices for the purpose of … improvement” (Spendolini 1992, 
9). Regardless of who is undertaking the benchmarking—an organization, academic department, 
research group, or individual—the process involves searching for best practices, adapting them for 
implementation in one’s own organization, process, or workflow, then monitoring the 
implementation of that practice over time to ensure its success (Keehley and Abercrombie, 2008). 
Benchmarking comparisons are made by setting a benchmark—a high standard or point of 
reference against which others are compared—and using a combination of expert opinion and 
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quantitative or qualitative measurement to determine which specific practice can exceed that 
benchmark and produce a superior outcome (Camp, 1995, 24). 
 Much of the current benchmarking literature is based on the work of Robert Camp (1989, 
1995), who popularized the process to help corporations identify and implement best practices 
within their own industries in order to gain competitive advantages. According to Camp (1995, 
14-15), a benchmarking study serves four main purposes: (1) document strengths and weaknesses 
within one’s own performance or work processes; (2) identify and document performance of 
industry leaders (referred to as “the competition”); (3) incorporate best practices of industry 
leaders; and (4) adapt and innovate those practices to become new industry leaders (i.e., the new 
benchmark). Benchmarking can look internally or externally to identify best practices. Internal 
benchmarking compares similar operations within one’s own organization or domain to identify 
best practices (e.g., comparing different participant assessment methods of two cartographic 
researchers). External benchmarking looks outside one’s domain to identify comparative partners 
and transferable best practices; for example, cartographers often look to psychology and cognitive 
science for effective experimental methods when conducting novel research (Andrienko et al. 
2007; Çöltekin et al. 2016). Internal studies are typically easier to conduct than external studies, 
but both use similar processes to achieve the same goals.  
 Traditional benchmarking is a multi-step, team-based process requiring substantial 
financial resources, time (often six to twelve months), and organizational support. Most studies 
progress through four major phases:  
 
1. Planning the Study. The objective of this phase is to determine the what, who, and, in 
some models, the how of the benchmarking study—what is to be benchmarked, who is to 
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be benchmarked against, and how the data will be collected. Best practice criteria—or the 
criteria for the desired solution—and key measurement variables are selected during this 
phase. 
2. Data Collection. Performance data are collected during this phase. 
3. Data Analysis. Best practices are identified during this phase by comparing performance 
data and determining which actions produce superior results. 
4. Adaptation for Improvement. There are two objectives of this phase: 1) implement the 
identified best practice, and 2) monitor its implementation over time to ensure the adopted 
practice is improving performance as expected. 
 
Regardless of their differences, three early steps in every model—1) determining what to 
benchmark, 2) what to benchmark against, and 3) gathering the relevant data—are critical to the 
overall success of the procedure (Camp 1995; Longbottom 2000; Anand and Kodali 2008). Expert 
input is critical across these steps to ensure the study collects and measures the appropriate data, 
and identifies a truly “best” practice. To remain effective over time, an adopted practice must be 
continually monitored to ensure it actually produces better results, and the benchmarkers must 
recalibrate or start anew if it does not. A benchmarking organization, department, or research group 
cannot become complacent, or assume that a “best” practice they have identified will always 
remain so. 
 
4.5.2 The Migration of Benchmarking to other Domains and Fields 
Over the past few decades, a number of benchmarking experts have adapted Camp’s ideas across 
many academic and professional fields (for example, see Keehley 1997; Longbottom 2000; 
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Bretschneider et al. 2005; and Anand and Kodali 2008). A key advantage of academic and certain 
professional environments (as opposed to the private sector) is that best practices are more openly 
shared since the outcome is no longer tied solely to seeking some advantage over the competition. 
Because my proposed benchmarking model emerged from this non-competitive, academic 
environment, I will briefly review some applications of benchmarking for best practices that 
produced results similar to what I hope to achieve with cartographic user study design. 
Early on, benchmarking experts (e.g., Spendolini 1992; Bogan and English 1994) 
recognized how the benchmarking process could complement existing methods of academic 
development, which often entail learning from academic journals and collaborating within a 
professional or peer network in an area of specialization. For example, by the end of the 1990s a 
number of higher education institutions had popularized benchmarking or similarly-styled studies 
as the preferred means for identifying best practices in areas such as admissions and student 
recruitment, student achievement, and administrative efficiency (Alstete 1995; Camp 1998; 
Saunders 1999). During the 2000s, and hastened by the predominance of the Internet, the adoption 
of best practices similarly pervaded a wide variety of professional and academic fields. As part of 
this broad adoption trend, the criteria that define a best practice have also become similarly varied. 
For example, the Society of Professional Journalists Code of Ethics (2014) prioritizes the role of 
ethics in journalistic best practices. According to the organization’s website, these practices 
promote “the highest professional standards for journalists of all disciplines.” 
 Benchmarking for best practices has been used extensively in fields related to cartography, 
such as geographic information science (Donert 2009; Schulze et al. 2013), data visualization 
(Ward & Theroux 1997; Ward et al. 2015; Bhowmick et al. 2017) and information and graphic 
design (Plaisant et al. 2008; Meirelles 2013). However, benchmarking efforts are notably absent 
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from the cartographic literature, which suggests that the benchmarking process has not yet 
migrated to cartography, or perhaps that a method suitable to the needs of cartographers has not 
yet been developed. Also notable is how the concept of “best practices” is rarely discussed or 
defined in the cartographic literature, despite the fact most of our publications are concerned with 
the best or most appropriate ways of doing things; that is, cartographers actively pursue and 
promote best practices without using the term itself.  
 
4.5.3 Solution-Driven Benchmarking 
The widespread adoption of benchmarking for best practices has coincided with the expanding, 
centralizing role of the Internet. Data creation, storage, sharing, and searches now almost 
exclusively occur online. Any potential benchmarker can now execute a search for best practices 
if they know where to look, and how to appropriately identify them. Generally speaking, the 
Internet helps to circumvent many of the restrictive requirements of traditional benchmarking. 
Where a traditional search demands deliberately slow, narrow, resource-intensive data gathering 
and analysis from a large team, Internet searches are faster, broader, cheaper, and can potentially 
be conducted by an individual. One promising solution, known as Solution-Driven Benchmarking 
(SDB) (Keehley and Abercrombie 2008), has recently emerged to bypass traditional strictures and 
exploit the search potential of the Internet. 
 The SDB methodology was developed by those lacking the staff and financial resources 
required to perform a traditional benchmarking study, such as nonprofits and nongovernmental 
organizations. Although the solution-driven approach (Table 14) progresses through the same 
major phases as the traditional approach discussed previously, the result is a more streamlined 
and deductive process dependent upon just one or two people. The solution-driven methodology 
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is purposely limited in scope, focusing on identifying solutions to specific problems rather than 
long or complex processes. Therefore, the search for best practices shifts from improving a large, 
complex process, such as the entire user study design process, and instead focuses on a specific 
component within that process that needs to be adjusted or improved. 
 
Table 14. Solution-Driven Benchmarking (Keehley & Abercrombie 2008) 
Phase Steps Description 
Planning the study 1. Discover the 
problem 
A problem must be recognized and defined by the researcher who 
initiates the search for promising practices. 
 2. Establish criteria for 
solutions 
Measures or other criteria are used to establish the goal or desired 
impact of the promising practice. 
Collecting & 
Analyze Data 
3. Search for 
promising practices 
Search for promising practices by accessing professional networks 





Implement the best or promising practice that you have identified 
and are importing. 
 5. Monitor progress Continually monitor the practice that has been implemented to 
ensure it has a positive impact. 
 
What makes SDB so promising for cartographic researchers is also what sets it apart from 
other benchmarking models. Unlike traditional benchmarking, SDB for best practices typically 
occurs in a non-competitive, non-corporate, online environment where information (problems, 
practices, and solutions) is more openly accessible and shared. Open access to information is the 
key component. As Keehley and Abercrombie (2008, 86) explain, a successful search for a best 
practice is dependent on the Internet and a “network of professionals and organizations that the 
benchmarker can tap for promising practices.” Combining these resources with the narrow focus 
of the SDB process expedites the best practices search, especially if the benchmarker has access 
to a comprehensive database of domain-specific information such as CartoBase. In the following 
section I present and review a modified SDB process to help cartographic researchers identify and 
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implement best practices as they design, execute, and report on cartographic user studies. For the 




4.6 A Benchmarking Model for Cartographic User Study Design 
A key purpose of this article is to ascertain if a benchmarking model can be developed that could 
improve the overall quality and consistency of cartographic user studies. CartoSDB is intended to 
assist researchers in selecting appropriate practices in the context of their specific study, thereby 
reducing the perpetuation of ad hoc and/or unreliable design decisions. Whereas traditional 
benchmarking relies on measurements of performance, CartoSDB makes comparisons based on 
the qualitative characteristics of the desired practice and the contextual information of the study in 
question. The model format is a variation of the solution-driven method presented above, and 
synthesizes two critical components presented in Section Two: CartoBase and contextual 
information about a study. These two components help satisfy the completeness and comparability 
conditions necessary to identify best practices, as I will demonstrate below. This section proceeds 
with a description of the overall CartoSDB model, followed by a detailed description of each step 
in the model, including the action the benchmarker must perform and the anticipated outcome. I 
have integrated a case study into each step to demonstrate how the model functions. 
 
4.6.1 Description of the model 
The CartoSDB model is divided into six sequential steps (Table 15), and the entire process closely 
follows the five-step SDB model. Three key differences are reflected in the second, third, and 
fourth steps, which integrate context and transferability to establish the parameters for the search 
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and comparison of best practices. As with the SDB method, CartoSDB is purposely streamlined 
to ensure that its user can successfully benchmark a best practice in a short amount of time, and 
with limited knowledge of benchmarking in general. When using CartoSDB, the desired outcome 
is itself a benchmark—that is, a point of reference against which each potential best practice is 
compared. The benchmarker needs to find evidence that links a promising practice with an 
improvement in the study design, then ensure that the evidence matches the criteria used to 
establish a successful resolution.  
 
Table 15. Cartographic User Study Solution-Driven Benchmarking. 
Steps Description 
1. Define the study problem Define the component or problem in a user study for which a best practice is 
sought. 
2. Establish criteria for the Best 
Practice 
Qualitative or quantitative criteria are used to establish desired qualities and impact 
of the best practice. 
3. Define the study context Define the major contextual information of the user study and conditions under 
which the problem exists. 
4. Search CartoBase for 
promising practices 
Search CartoBase using best practice criteria and contextual information to identify 
one or more potential best practices. 
5. Implement the promising 
practice 
Implement the best or most promising practice that you have identified in 
CartoBase. 
6. Report outcome of the 
selected practice 
Report on the positive or negative impact of the practice so other researchers know 
to use or avoid it in future user studies 
  
To illustrate the six-step CartoSDB process, I present a case study (referred to as Case 
Study below) using the first of two user studies reported in a 2016 article published in the Annals 
105 
 
of the American Association of Geographers by Toru Ishikawa (2016)3. To provide some 
background, Ishikawa provided this description of the user study (p. 78):  
 
“The first study examines the conceptions of geospatial concepts by experts and novice 
students in GIScience. In this study, authors of GIScience textbooks and students in an 
introductory GIScience class are considered experts and novices, respectively, and the 
structures in which geospatial terms are explained in textbooks and conceptualized in 
students’ minds are compared...Considering the strong correlation among spatial tests in 
the dimension of spatial visualization and possible effects of spatial visualization ability on 
geospatial thinking suggested in the literature, this research uses a major spatial test in the 
dimension, the Card Rotations Test, to assess students’ spatial visualization ability.” 
 
For demonstration purposes, imagine that we are replicating Ishikawa’s study, only this 
time we want to include an assessment of GIS proficiency for the student participants. Our intent 
is to identify the “best” assessment method; by establishing the criteria of the desired assessment 
and the relevant contextual information of the study, we can search CartoBase for one or more 




                                                
 
 
3 Ishikawa (2016) was selected for the simulated case study simply because it has not yet been added to CartoBase; 
its use here is in no way suggestive that the study is flawed or problematic. 
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Step 1. Define the user study problem 
To initiate a search for best practices, a researcher must first define exactly which component of 
their user study needs to be improved, or what problem needs to be solved. It is essential from the 
outset to concentrate on a singular issue. Defining a problem too broadly (e.g., I need a better way 
to assess all user differences) may impede successive steps or result in an ineffective search. The 
problem of the Case Study is straightforward: we need to identify an assessment of GIS proficiency 
and add it to the study procedure. Step 1 does not require access to any external resources, and the 
benchmarker should be able to complete it on their own. Upon completion of Step 1, the 
benchmarker should be able to state exactly how the desired best practice fits into the user study.  
 
Step 2. Establish criteria for the Best Practice 
After the researcher has defined the study problem, he or she will establish criteria which will be 
used in Step 4 to help determine the suitability of an identified promising practice. These criteria 
may include what the practice is expected to assess, information about the design or 
implementation of the practice, and possibly quantitative and/or qualitative characteristics of the 
practice. The benchmarker will judge a potential best practice based on its ability to meet these 
criteria.  
 For our Case Study, we will use one criterion for the desired assessment method: the 
method must contain some assessment of GIS proficiency, but need not be limited to GIS only 
(map and cartographic literacy tests could feasibly contain a GIS component). This criterion was 
selected based on my reading of the article itself, and is sufficient to demonstrate the capabilities 
of the CartoSDB model as well as what a researcher might do in a real-world application, although 
more criteria could easily be added. Note that currently there are no established guidelines, 
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standards, or measures to rely on when establishing the criteria for a best practice. Upon 
completion of Step 2, the benchmarker will have identified the criteria that will act as search filters 
in Step 4. 
 
Step 3. Define the user study context 
Defining the relevant contextual factors that shape a user study or influence the conditions under 
which a problem exists is necessary to ensure that all potential best practices are suitably 
comparable (see the comparability condition introduced in Section 4.4) and potentially 
transferable (Step 4 below). Context plays key roles in the design and reporting of user studies as 
well as the concept of best practices. All best practices are relative—what may be best in one 
research context may be worse in another. The challenge for the benchmarker is determining which 
contextual information is most relevant to the study at hand. Note this step does not appear in the 
original SDB model; unlike most benchmarking models, CartoSDB prioritizes context as a key 
comparability measure. 
In addition to the Case Study details provided in the model description, the following 
contextual information was gathered elsewhere in Ishikawa’s article: Forty-four graduate students 
participated; the study was designed as a between-groups experiment; and the study occurred in 
the classroom, was paper-based, and took approximately thirty minutes to complete. Which 
contextual information indicates if an existing assessment method is transferable to the Case 
Study? Absent any formal guidance, and using our best judgment, we will presume there are three 
“relevant” contextual factors: (1) the participants are college-aged, (2) the entire study took 
approximately thirty minutes (short enough to occur in a single class meeting), and (3) the study 
is comparing novices to experts. As with the best practice criteria in Step 2, this contextual 
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information is sufficient to demonstrate the capabilities of CartoBase, although other factors could 
be deemed more relevant. The benchmarker can use this contextual information to filter out 
inappropriate practices from their search. Step 3 does not require access to any external resources, 
and the benchmarker should be able to complete it on their own. Upon completion of Step 3, the 
benchmarker will have identified the key contextual factors that will act as search filters in Step 4. 
 
Step 4. Search CartoBase for potential best practices 
This step in the SDB model is what distinguishes it from traditional benchmarking methods; 
according to Keehley and Abercrombie (2008, 88), the key to success is online access to 
information shared by a domain-specific “network of professionals and organizations that the 
benchmarker can tap for promising practices.” What sets CartoSDB apart from the SDB model are 
the central roles of CartoBase and the transferability process. Rather than having to look at all 
published research to find suitable user study methods, CartoSDB expedites the search by utilizing 
CartoBase. Through CartoBase, the benchmarker is able to satisfy the two conditions necessary to 
identify best practices. First, CartoBase is comprehensive4, which satisfies the completeness 
condition stipulating that sufficient comparability requires the inclusion of all comparable studies. 
Because CartoBase aggregates published user study information in one online location, there is a 
strong likelihood that a best practice exists within the database. Second, CartoBase helps satisfy 
                                                
 
 
4 The current iteration of CartoBase is not truly comprehensive, meaning the completeness condition is not 
sufficiently met in the strictest sense. However, the database is sufficiently large to demonstrate the utility and 
viability of both CartoBase and the CartoSDB method. 
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the comparability condition by facilitating swift and focused searches for best practices using the 
criteria and relevant contextual information established in Steps 2 and 3.  
The transferability process is unique to benchmarking because it ignores traditional 
quantitative targets that are not directly applicable to the user study environment like “the best 
practice must improve productivity by 15%.” Instead the transferability process compares the 
contextual information of one user study which contains a potential best practice to the contextual 
information of the user study the best practice is intended for. This occurs when the benchmarker 
assigns the filters in CartoBase, since the database will remove any studies that do not “match” the 
relevant context.  
Step 4 of has four basic stages: 
 
1. Identify all potential best practices, which is achieved by filtering CartoBase using the 
established criteria from Step 2.  
2. Identify all comparable user studies, which is achieved by filtering CartoBase using the 
relevant contextual information of the Case Study from Step 3. 
3. Assuming one or more potential best practices remain after applying both sets of filters 
(criteria and context), examine each in detail to identify which one has the “best” practice. 
If no studies remain, you may need to reduce or adjust the filters. 
4. Assuming a transferable practice has been identified, determine which modifications must 
be made to the practice in order to implement it into your own study context, such as 




Applying these four stages to our Case Study, Table 16 lists every study that meets each of the 
individual and combined Case Study filters. The table displays four rows: 1) all studies in 
CartoBase, 2) all studies that match the best practice criteria, 3) all studies that match the relevant 
contextual information, and 4) all of the studies/practices that match both the criteria and context. 
Other criteria and contextual information could be added (or removed) to produce a smaller (or 
larger) group of potential best practices. 
 
 
Table 16. Subset of CartoBase studies matching the Case Study filters. 
Filter n % Study subset 
All CartoBase studies 110 100%  
Best Practice Criteria 
(assesses GIS proficiency) 
16 15%  
Relevant Contextual Information 
(college-aged; approx. half hour length; novice vs. 
experts) 
13 12%  
Best Practice Criteria + 
Relevant Contextual Information 
2 2% Hope and Hunter 2007; Opach and Rød 2014 
 
As Table 16 shows, CartoBase reveals that just two assessments of GIS proficiency (from 
Hope and Hunter 2007 and Opach et al. 2014) meet both the best practice criteria and contextual 
filters. Because CartoBase does not contain the actual assessments themselves, we must inspect 
the articles’ text to determine if either assessment method is suitable for the Case Study. Both 
studies used a single, self-reported question to assess their participants’ GIS proficiency. 
Participants from Hope and Hunter (2007, 202) “subjectively classified themselves into one of 
three experience levels, which were described as: (1) novice (less than six months’ experience 
using GIS); (2) some experience (between six months and two years of experience of using GIS); 
and (3) experienced (more than two years’ experience of using GIS).” Opach and Rød (2014, 420) 
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had their participants rate their level of training from 1 (no training) to 5 (proficient). Note that 
neither study actually assessed GIS competency, but rather used this self-reported information to 
assign participants into groups. Supposing we prefer the Hope and Hunter method for its use of a 
concrete timeframe to determine each proficiency level, then that is the method we will implement 
in the Case Study. 
Keep in mind that CartoSDB does not necessarily identify the best practices, but rather the 
best available practices according to the defined best practice criteria and contextual filters. If 
neither of the two identified assessment methods are determined to be suitable for the Case Study, 
then one should adjust the filters and run the process again. Upon completion of Step 4, the 
benchmarker will have identified all promising practices and selected one for implementation. 
 
Step 5. Implement the promising practice 
Implementing an identified promising practice is perhaps the most straightforward step in the 
CartoSDB procedure. The benchmarker will take the practice from Step 4 and ensure that it 
appropriately fits into the study design, including making any necessary modifications to ensure 
the practice conforms to the requisite study format or language. Because the selected assessment 
method uses a single measurement (GIS proficiency levels are based on time spent using GIS), it 
should be very easy to fit into the current Case Study procedure. Ideally, CartoSDB will occur 
before the user study is in progress, allowing the researcher to review all components of the study 
prior to deployment, including the selected practice. Upon completion of Step 5, the benchmarker 





Step 6. Report the outcome of the selected practice 
The final step requires the benchmarker to report on the implementation and outcome of the 
selected practice, and whether it had a positive or negative impact on the user study. 
Communicating this information to the rest of the cartographic research community is an essential 
step if we want researchers to make use of or avoid a particular practice in future studies. I suggest 
two ways for sharing this information: adding it to CartoBase, and reporting it in a refereed 
publication.  
Study details can be added to CartoBase by accessing the database website5 and entering 
the study details using the provided submission forms. The added information should include the 
result of having used the transferred practice (in this example, the modified assessment of map 
literacy), if other researchers are to know if the practice in question led to positive or negative 
results. The study authors should also include a statement in the published article which explains 
how the assessment method was selected, whether it produced the intended results, and if that 
method is recommended for other user studies. These two suggestions are rooted in a philosophy 
of continuous improvement, whereby a benchmark is recalibrated and a new search for better 
practices, or improvements to the implemented best practice, commences. Thus, when a study 
ends, the researcher is able to provide evidence or some measureable data which may serve as a 
point of comparison for future researchers. What this means for the Case Study is that we would 
                                                
 
 
5 The database has two online locations: osf.io/ur6xn/ contains the LibreOffice Base data files, 




include in the published article a statement explaining how the assessment method was selected, 
whether it produced the intended results, and if that method is recommended for other user studies. 
 
4.7 Conclusion 
Cartographers have prioritized a research agenda to develop tools and establish guidelines to 
support decision-making when designing user studies (Roth et al. 2017). CartoSDB, short for 
Cartographic user study Solution-Driven Benchmarking, is designed specifically for this purpose. 
The CartoSDB procedure expedites the process of searching and comparing the details of 
published user studies to identify the best available methods for any study context. Compared to 
traditional benchmarking, which follows a slow-paced, resource-intensive, complex procedure to 
identify best practices, solution-driven benchmarking is designed to be fast-paced, cheap, and 
relatively easy to perform. CartoSDB enables this by focusing on one individual study design 
problem at a time, and harnesses a purpose-built online database, CartoBase, to identify promising 
solutions.  
CartoSDB follows six sequential steps: (1) define a specific user study design problem or 
challenge, (2) establish the criteria for the best practice, (3) define the relevant contextual 
information for the study, (4) search CartoBase for potential best practices, (5) implement the most 
promising practice, then (6) report on the outcome of the selected practice to the rest of the 
cartographic research community. This procedure was purposely designed for simplicity and broad 
applicability. The steps are straightforward and easy to execute, regardless of research experience 
or tacit knowledge; in this respect, the procedure is especially valuable to graduate students or 
researchers new to the discipline. While its use in my research is limited to identifying assessment 
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methods for user differences, both CartoSDB and CartoBase can accommodate any type of 
cartographic research.  
 There are two limitations of CartoSDB that need to be addressed in future research. First, 
the proposed CartoSDB model is conceptual and has not yet been pilot-tested or validated by 
myself or other researchers. In order to demonstrate its utility and gain wider acceptance among 
the cartographic community, CartoSDB must be applied in a real-world setting, by a variety of 
study authors, and in a variety of user study contexts. This will require a large-scale, international 
effort, likely with the support of a professional or academic cartography organization. Second, 
until CartoBase is truly comprehensive, containing the bulk of published cartographic user studies, 
CartoSDB will only lead researchers to the best available practice within the limited sample of 
published studies it currently contains. For example, Olson and Brewer (1997) developed an 
experimental procedure that researchers could use to assess color vision impairment and map 
reading abilities simultaneously; however, CartoBase does not include user studies prior to 2004, 
and none of the studies currently in CartoBase referenced this work, so the CartoSDB model cannot 
suggest this method.  
CartoSDB is not intended for designing an entire user study, nor can it guarantee a study’s 
success. The model was designed to focus on one component of a user study at a time. Although 
traditional benchmarkers (e.g., Camp 1989; 1995) do not criticize solution-driven benchmarking 
by name, they do warn that chasing individual problems as they arise is akin to applying band-
aids. This points to the significant difference between the two approaches: traditional 
benchmarking emphasizes analyzing a problem to get at the root cause, whereas solution-driven 
benchmarking emphasizes looking at what others have done to solve a similar problem. CartoSDB 
may help individual researchers with individual study design problems, but it makes little 
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difference if CartoSDB identifies the best way to do something if the rest of the study is 
fundamentally flawed. To this end, the cartographic community as a whole needs to prioritize the 
ICA’s research agenda of establishing design guidelines to help ensure that all components of a 























CHAPTER 5. CONCLUSION 
5.1 Summary of Findings 
From inconsistent user study designs and reporting methods, to organizing studies into a 
searchable archive, and systematizing how we search existing studies to find best practices, my 
dissertation research demonstrates some of the ways in which best practices, or the lack thereof, 
impact cartographic research. By exploring where study deficiencies exist, specifically in the 
selection, assessment, and reporting of user differences, Chapters Two, Three, and Four provide 
sufficient evidence that cartographers stand to benefit by making immediate improvements to the 
user study design process and have the means to do so. These chapters document some best 
practices identification tools and procedures already used in other fields of research, and 
demonstrate how the cartographic community can adopt them to achieve similar end goals. If 
adopted, my proposed strategies can contribute not only to improved user study designs, but also 
to improved levels of communication and collaboration among cartographers. Additionally, the 
findings of each chapter summarized here contribute to the long-term research agendas outlined 
by the International Cartographic Association (ICA), offer practical tools and solutions that can be 
scaled up to benefit all cartographic researchers, and build on theory and conceptual frameworks 
for future applications of cartographic user study design. 
 
5.1.1 Chapter 2 
The user study review performed in Chapter Two indicates that cartographic user studies are 
inconsistently designed and reported on, regardless of study topic or context. Two notable findings 
emerged from this review. First, the review provided sufficient evidence that some user 
differences, and methods for assessing those differences, are more preferred than others. However, 
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frequency of use does not imply appropriateness of use, suggesting that cartographers need to 
clarify or make improvements to existing user study design procedures. This can be achieved by 
developing guidelines to determine which user differences should be assessed in a given study 
context, and then select appropriate assessment methods for those study contexts. Second, the 
findings indicate that many authors gather and report only those study details that are immediately 
relevant to their own study topic, and withhold information that may seem extraneous or 
nonessential to the study topic. While understandable, withholding any study data from a published 
article can diminish the transparency and quality of that research, and can prevent others 
cartographers from making use of those data or connections with their own or other published 
research. For these reasons, the cartographic community needs guidelines that improve the quality 
and consistency of study reporting, as well as an online database or repository that contains study 
data or information that do not make it into published articles. 
 
5.1.2 Chapter 3 
Chapter Three examines developments in open access research to underscore how fields related to 
cartography are handling their own research data and sharing it or making it discoverable within 
their communities. The cartographic community must keep pace with contemporary data 
collection and storage methodologies. To wit, I created CartoBase, the first online, searchable 
archive of published cartographic user studies. The database currently contains the participant 
assessment details of 110 user studies published in five refereed journals between 2005 and 2014. 
The database has been designed so that it can be expanded without changing its underlying data 
structure. As more studies and more study data categories are added, the audience for this database 
will also expand. And while it is likely that most researchers already have access to these published 
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studies through their institutions’ libraries, CartoBase gathers details of these studies in one 
location. An added advantage of CartoBase is that it archives user study details categorically, 
enabling efficient category-based search and query operations. If cartographers are to establish 
best practices guidelines and make improvements to their research designs, then they need to make 
existing study data more accessible and easier to peruse. Given how prevalent and vital online 
databases are to other fields of research, cartographers need to make a concerted effort to develop 
their own database. CartoBase is intended to fill this role. 
 
5.1.3 Chapter 4 
As mentioned throughout my dissertation, the contemporary cartographic community has 
prioritized a research agenda to develop tools and establish guidelines to support decision-making 
for designing user studies. CartoSDB, the best practices identification procedure presented in 
Chapter Four, is designed for this specific purpose. CartoSDB expedites the search for cartographic 
best practices by systematizing how searches are performed. The procedure was designed for ease-
of-use and broad applicability. Utilizing six straightforward steps, a researcher identifies a specific 
user study design problem and then performs a focused search of CartoBase for the best available 
practice that can solve that problem.  
 One important issue addressed in Chapter Four concerns what CartoSDB is not intended 
to do, namely design entire user studies. The procedure helps identify best practices, but it cannot 
guarantee their success, nor the success of the entire study. For this reason, while CartoSDB is a 
valuable tool, it does not supplant the community’s need for best practices guidelines. Thus, while 
I encourage the community to adopt my best practices identification method as a way to make 
immediate improvements to user study designs, I also encourage support for the ICA research 
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agenda to establish design guidelines (Roth et al. 2017) that will help ensure that all components 
of a user study are selected and implemented correctly. 
 
5.2 Summary of Research Contributions 
There are many effective ways to design, perform, and report on participant assessments in 
cartographic user studies. Presuming that best practices do exist and are worth adhering to, 
cartographers should advocate for the “best” ways to perform actions for any component of their 
user studies. Importantly, the process of designing any user study component must be easy to 
follow, easy to justify, and easy to report. These characteristics are necessary if we hope to get the 
entire cartographic research community to actively pursue best practices in their own research. My 
primary contributions to the discipline are a practical, functioning tool and systematic procedure 
that organize our user studies in a central location, thus enabling cartographers to search among 
and identify best practices from those studies. 
Chapter Two identified and established a general awareness of consistent flaws in user 
studies. Based on those recognized weaknesses, I believe there are two sets of best practices 
guidelines that need to be developed: one for the design of user studies and another for the 
reporting of user studies. My Chapter Two findings laid the groundwork for the next logical step 
in establishing a set of user study best practices: rather than allow inconsistent or sub-optimal 
methods to perpetuate, we should create a user study database that allows us to keep track of all 
existing and emerging study methods. Such a database would help monitor the use of each method, 
examine their use within their own study contexts, and compare methods with one another. In 
doing so, we can keep track of both completed user studies and the relative effectiveness or quality 
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of individual study methods. In Chapter Three I presented CartoBase, the database I created to 
achieve these purposes. 
 CartoBase makes four significant contributions to cartography. First, CartoBase addresses 
an immediate communal need by aggregating and organizing existing cartographic user studies, 
which makes them more discoverable. Second, CartoBase can help facilitate decision-making 
during the planning phases of new studies, particularly for researchers investigating similar 
phenomena or employing similar methods. Third, by allowing collaborative editing, CartoBase 
encourages increased interaction among cartographic researchers in an open-access environment, 
by relying on the research community to contribute to, maintain, and enhance the database itself. 
Fourth, and perhaps most importantly, CartoBase provides a transparent foundation on which to 
establish best practices guidelines for the design of user studies by allowing everyone to view the 
specific research, methods, and outcomes on which those guidelines will be established.  
Although CartoBase aggregates user studies and encourages researchers to examine 
existing study designs, the database alone cannot lead someone to a best practice. Therefore, the 
development of CartoSDB is the other major contribution of my research. CartoSDB takes an 
abstract and overgeneralized concept, the “best practice,” and follows a methodical procedure to 
identify actual, applicable best study practices that can be compared and selected for 
implementation. The processes of comparison and selection are based on specific requirements of 
the researcher, and the context of their research. This methodical procedure has two uses: first, the 
cartographic community can adopt the procedure to establish a formal set of user study best 
practices; second, until those guidelines have been established, individual researchers can use 




5.3 Recommendations for Future Research 
I recommend five principal challenges and opportunities for future research. 
 
Recommendation 1. Establish use and growth strategies for CartoBase 
My first recommendation is to develop strategies that raise the visibility of CartoBase within the 
cartographic community, encourage its use, contribution by others, and addresses long-term issues 
associated with hosting and maintaining an online database. Currently, CartoBase has limited 
utility to the cartographic community because it contains a relatively small sample of cartographic 
user studies and focuses solely on the topics of user differences and participant assessments. The 
ICA Commissions on Use, Users, and Usability and Cognitive Visualization have expressed 
interest in supporting this recommendation, and plan to make it an agenda item for the Spring 2018 
meeting of these commissions. 
 
Recommendation 2. Validate the CartoSDB procedure  
The CartoSDB model is conceptual and has not yet been pilot-tested or validated by myself or 
other researchers. In order to more completely demonstrate its utility and gain wider acceptance 
among the cartographic community, CartoSDB must be applied in a real-world setting, by a variety 
of study authors, and in a variety of user study contexts. This will require a large-scale, 
international effort, likely with the support of a professional or academic cartography organization.  
 
Recommendation 3. Promote Open Access research 
Cartographers need to embrace open access research and increase the magnitude of overall data 
discovery and sharing. CartoBase is a functioning example of how a collaborative, open-access 
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database can help the cartographic community aggregate and organize existing research, and use 
that information to improve the design of emerging cartographic research. Encouraging 
cartographers to share their data and research designs in an OA environment such as CartoBase is 
a logical—and valuable—step toward improving the overall quality and consistency of 
cartographic research. 
 
Recommendation 4. Establish guidelines for the reporting of user studies 
The cartographic community needs to establish a set of best practices guidelines for the reporting 
of user studies. Just as guidelines can help improve the design of user studies, a similar set of 
reporting guidelines can improve the clarity, conciseness, and quality of detail of the community’s 
final publications. I have already drafted preliminary guidelines with members of the ICA 
Commissions on Use, Users, and Usability, and I and other ICA members will continue working 
on them through 2018. 
 
Recommendation 5: Develop appropriate qualitative and quantitative measures of best 
practices 
Cartographers need to come to a consensus regarding which qualitative and quantitative criteria 
should be used to identify or judge potential best practices for user studies. Currently, CartoSDB 
only uses qualitative, contextual information to help establish best practices criteria. I argue that 
we need to determine which measurable components of a user study can provide sufficient 
evidence to guide our best practices decisions, and lead to the establishment of a comprehensive 
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Appendix A. CartoBase Data Table Organization and Field Descriptions  
 
Study Identification Group 
Study Data Category Study Data Variable  
Study Identification DOI Digital Object Identifier 
 Journal Refereed journal of publication. 
 Year Year of publication. 
 Volume Journal volume of publication. 
 Issue Journal issue of publication. 
 Author 1 First author's last name. 
 Title Article title. 
 ExperimentTotal Total number of user studies (experiments) in the article. 
 ExperimentNumber User study (experiment) of current record. 
 Author 1 Institution First author's institution or professional affiliation at time of 
publication. 
 Author 2 Second author's last name. 
 Author 2 Institution Second author's institution or professional affiliation at time 
of publication. 
 Author 3 Third author's last name. 
 Author 3 Institution Third author's institution or professional affiliation at time 
of publication. 
   
Study TAR Title Article title (duplicate field for easy reference when reading 
the abstract 
 Abstract Published article abstract 
 References All references cited in the article 
   
Study Notes Purpose Stated purpose of article as written by the study authors. 






Study Parameters   
Study Data Category Study Data Variable Description 
Study Parameters StudyDesign Experiment design. Currently three options: (1) Between 
Groups, (2) Within Subjects, (3) Mixed. 
 Data Gathering Method How study data were gathered. Currently three options: (1) 
Researcher Observed, (2) Self Reported, (3) Mixed. 
 StudySetting1 Reporting status of study setting. Four options: (1) 
Reported as Not Gathered, (2) Reported Details Provided, 
(3) Reported No Details, (4) Not Reported. 
 StudySettingDetails Specific setting of the user study. Currently ### options: (1) 
Laboratory, (2) Classroom, (3) Online, (4) Field, (5) 
Multiple sites. 
 Length1 Reporting status of study length. Four options: (1) Reported 
as Not Gathered, (2) Reported Details Provided, (3) 
Reported No Details, (4) Not Reported. 
 LengthDetails Study length in minutes , if reported. 
 IV_total Total number of independent variables in the experiment. 
 IV_UserDiff1 This field indicates if a user difference was used as an 
independent variable. 
 DV_total Total number of dependent variables in the experiment. 
   
Study IVs IV_Study The name of the independent variable. A separate table was 
necessary because each study could have multiple entries. 
 IV User Diff Category If the independent variable is a user difference, this field 
indicates what kind. Four possible options: (1) 
Demographic, (2) Expertise / Education, (3) Physiological, 
(4) Cognitive. 
   
Study DVs DV_Study The name of the dependent variables. A separate table was 
necessary because each study could have multiple entries. 
   
Study Procedure Procedure This field contains information regarding the study 
(experiment) procedure. A separate table was necessary 
because each study could have multiple entries. 
   
Study Methods Method This field contains any notable quantitative or qualitative 
methods that were used in the study. A separate table was 





Participant Sample Data 
Study Data Category Study Data Variable Description 
Sample Information Sample Size 1 Reporting status of the participant sample size. Four 
options: (1) Reported as Not Gathered, (2) Reported Details 
Provided, (3) Reported No Details, (4) Not Reported. 
 Sample Size 2 Specific participant sample size, if reported. 
 Recruit Method 1 Reporting status of the participant recruitment method. Four 
options: (1) Reported as Not Gathered, (2) Reported Details 
Provided, (3) Reported No Details, (4) Not Reported. 
 Incentive 1 Reporting status of any incentives or remunerations given 
for participation. Four options: (1) Reported as Not 
Gathered, (2) Reported Details Provided, (3) Reported No 
Details, (4) Not Reported. 
 Incentive 2 Specific incentive or remuneration, if reported. Most were 
either class credit or monetary. 
 Participant Paragraph This field indicates if the authors reported the pertinent 
details of the participant sample in a separate paragraph. 
The reasoning is that organized articles are easier to 
compare and evaluate. 
 Participant Subsection This field indicates if the article contained a separate 
section or sub-section for the study participants. The 
reasoning is that organized articles are easier to compare 
and evaluate. 
 University Students This field indicates whether the study sample was 
composed of university students. In general, university 
students form convenience samples. 
   
Sample Recruit 
Method 
Recruit Method Details Specific methods used to recruit participants. A separate 
table was necessary because each study could have multiple 
entries. 




User Differences Information 
Study Data Category Study Data Variable Description 
User Differences 
Overview 
Demographic This field indicates if the study assessed or gathered 
demographic information about the participants. 
 Expertise / Education This field indicates if the study assessed or gathered 
expertise or education information about the participants. 
 Physiological This field indicates if the study assessed or gathered 
physiological information about the participants. 
 Cognitive This field indicates if the study assessed or gathered 
cognitive information about the participants. 
 Sex Reporting status of participant sex. Four options: (1) 
Reported as Not Gathered, (2) Reported Details Provided, 
(3) Reported No Details, (4) Not Reported. 
 Age Reporting status of participant age. Four options: (1) 
Reported as Not Gathered, (2) Reported Details Provided, 
(3) Reported No Details, (4) Not Reported. 
 Demographic Other Reporting status of other demographic information. The 
specific demographic variable, and its method of 
assessment, appear in the "Assessments Details" table. Four 
options: (1) Reported as Not Gathered, (2) Reported Details 
Provided, (3) Reported No Details, (4) Not Reported. 
 Education Level 1 Reporting status of participant education levels. Four 
options: (1) Reported as Not Gathered, (2) Reported Details 
Provided, (3) Reported No Details, (4) Not Reported. 
 Education Level 2 This field contains the general education level of participant 
sample. Current options are: (1) primary, (2) secondary, (3) 
university, (4) professional, and (5) various. 
 Major Field 1 Reporting status of participant academic major or 
professional field. Four options: (1) Reported as Not 
Gathered, (2) Reported Details Provided, (3) Reported No 
Details, (4) Not Reported. 
 Level of Expertise The level of expertise of all participants. If reported, 
options include: (1) Novice, (2) Intermediate, (3) Expert, 
and (4) Novice vs. Expert. 
 Expertise Definition Reporting status of a published definition for a "novice," 
"expert," or "expertise" in general. Four options: (1) 
Reported as Not Gathered, (2) Reported Details Provided, 
(3) Reported No Details, (4) Not Reported. 
 Expertise Definition 
Basis 
If reported, this field indicates what the basis of the 
definition of expertise. Limited to (1) education, (2) 
experience, or (3) expertise in a specific domain. 
 Expertise Definition 
Style 
This field indicates whether the study authors provided an 
explicit definition of expertise, or if the definition was 
inferred through the article text. 
   
User Education Lvl Education Level Details Specific education level of the participant sample, if 
reported. 
   
User Major Field Major Field Details Specific academic majors or professional fields of the 
participants, if reported. 
   
Expertise Def Quotes Definition Pull Quotes Direct quotes or excerpts from the article regarding the 
definition of expertise 
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Participant Assessment Methods 
Study Data Category Study Data Variable Description 
Assessments Overview Assessment Method 1 Reporting status of the participant assessment method. Four 
options: (1) Reported as Not Gathered, (2) Reported Details 
Provided, (3) Reported No Details, (4) Not Reported. 
 Assessment Medium 1 Reporting status of the participant assessment medium or 
format. Four options: (1) Reported as Not Gathered, (2) 
Reported Details Provided, (3) Reported No Details, (4) 
Not Reported. 
 Assessment Medium 2 If reported, the specific medium of the assessment. Three 
options: (1) Paper, (2) Computer, (3) Smartphone, (4) 
Multiple 
 Assessment Seq 1 Reporting status of where in the study an assessment 
occurred. 
 Assessment Seq 2 If reported, where in the user study the participant 
assessment occurred. Four options: (1) Pre-experiment, (2) 
Post-experiment, (3) Pre- and Post-, and (4) Throughout. 
 Self Assess This field indicates if the assessment method was self-
administed. 
 Controlled Assess This field indicates if the assessment method was controlled 
by the study author or experimenter. 
 Assessment Sources This field indicates if the study author provided the source 
of the original assessment method, or if they provided 
evidence of its effectiveness. 
   
Assessments Details User Diff Category This field displays the category of the assessed difference. 
Four options: (1) Demographic, (2) Expertise or Education, 
(3) Physiological, (4) Cognitive. 
 User Diff Detail The specific user difference that was assessed. 
 Assessment Description This field indicates if the study authors provided a 
description of how the assessment method worked. 
 Assessment Method This field lists which method was used to assess the 
difference listed in the "User Diff Detail" field. 
 Assessment Source This field indicates if the study author provided a specific 
source of the method used to assess the difference listed in 


















Appendix B. CartoBase Tutorial for LibreOffice Base 
LibreOffice (LO) is a free and open source office productivity suite similar to Microsoft (MS) 
Office. Each download includes six applications, including Base (similar to MS Access), writer 
(similar to MS Word), Calc (MS Excel), and Impress (MS PowerPoint). CartoBase was created in 
Base. This brief tutorial walks you through the processes of downloading and installing LO, then 
downloading and using CartoBase. Aside from the LO software, all documents and files are 
available at the CartoBase Open Science Foundation (OSF) project page: https://osf.io/ur6xn/  
 
Download LibreOffice 
To use CartoBase, you must first install LibreOffice on your system.  
 
1. Navigate to the LO download page: https://www.libreoffice.org/download/download/. As 
of November 6, 2017, two versions of LO are available, 5.4.3 and 5.3.7. For this tutorial, 
download v5.4.3. 
 
2. Select your operating system from the “Choose your operating system” dropdown. The 
software is available for multiple operating systems, including MS Windows, Mac OS X, 
and GNU/Linux.  
 
3. Select DOWNLOAD. Depending on your operating system, the download package size is 
200-250 MB. You will be invited to give an optional donation, which you may ignore. 
 
4. Once the download is complete, Install the software. Follow the standard installation 
procedure of your specific operating system. For example: Mac users will download a 
.DMG file that they drag and drop into the Applications folder; MS Windows users will 
download a .MSI file that will open an Installation Wizard dialog box to guide you through 




This version of CartoBase uses an .ODB (Open Document Database) file format which contains 
an internal HSQLDB (Hyper SQL Database) engine. All tables and records are stored internally 
within the .ODB file rather than in a shared, external database, meaning that any changes you make 
to the database will only affect your downloaded copy of CartoBase. No one else will see those 
changes.  
 
1. Navigate to the CartoBase OSF project page: https://osf.io/ur6xn/ 
 
2. Select “CartoBase_LibreOfficeBase.obd”, which will open a new page. 
 
3. Select Download from the toolbar. The current CartoBase file size is only 126 KB. Save 






Working with CartoBase 
LO Base uses a relational database, which means that all fields in the database have specific 
relationships with each other. To borrow an example from the LO “Getting Started” guide, 
CartoBase contains fields for the names of the study authors, and another field for each individual 
user study. There is an obvious relationship between the authors and the studies they have 
published. CartoBase may contain more than one study by the same author. Similarly, each author 
may publish in multiple journals over multiple years; CartoBase keeps track of these relationships. 
If you want additional information about LO Base, you may view or download the LO Base 
handbook from the OSF project page: https://osf.io/8sc6a/  
 
There are four basic database components: 
• Tables: Stores information in a group of fields (columns) and records (rows). For example, 
the Study DVs table contains three fields: TableID (a unique identifier for each record in 
this specific table), StudyID (a unique identifier for each user study in CartoBase), and DV 
(the dependent variable used in the study, such as completion time or accuracy of 
response). 
• Queries: Used to retrieve specific information from a database. Query results create special 
tables within the database. I will demonstrate Queries below. 
• Forms: The front end of the data used to enter data into the database and edit data. 
• Reports: Compiles and arranges information from a single table, view, or query.  
 
In this tutorial, I will provide overviews of the CartoBase tables and entry form, discuss two 
existing queries, and provide a step-by-step guide to create a new query. I did not use or create any 
reports and will not cover this component in the tutorial.  
 
CartoBase Tables & Forms 
 
1. Open CartoBase_LibreOfficeBase.odb. The default screen view will look like the image 





2. Select the Tables icon. This will display fourteen separate tables which constitute 
CartoBase, as shown in the image below. Each of these tables are available for individual 
download from the OSF project page. Note that two tables (“Study TAR” and “Study 
Notes”) do not appear in this version of CartoBase; these tables contain large quantities of 




3. Open the “Study Identification” table (double-click). This table contains many of the 
identifying information of each study, including author last names, and journal, volume, 
issue, and year of publication. Importantly, this also contains the “StudyID” field, the 
unique identifier or “Key” for each individual user study. StudyID is created by combining 
the year of publication, the first authors’ last name, the journal of publication, and a number 
to indicate which study experiment the StudyID refers to. For example, Battersby 2009 
reported on two separate user studies: 2009BattersbyAAG1 refers to the first study 






4. Close the table. Every table contains a table ID field and the StudyID field; the table ID is 
specific to each table, whereas the StudyID is used to relate all table records and fields. 
 
5. Select the Forms icon. There is only one form for CartoBase, “User Study Overview.” 
Double-click to open. The default view will be similar to the image below. This is the entry 
form one can use to add new studies to CartoBase, although that feature is currently locked 




6. To scroll through individual records, enter a record number or use the arrows in the 
navigation pane. Some data fields appear on a single line, while others are displayed in 
small tables. Note that you cannot query or search the database using a form. To do this, 




As explained in Chapters Three and Four, a user can filter or query CartoBase using one data field 
or a combination of data fields. Queries allow the user to combine records from multiple tables, 
filter a specific record from a mass of data, or group records based on one or more data attributes. 
The CartoBase_LibreOfficeBase.odb file contains ten pre-loaded database queries which were 
used as part of the CartoBase demonstration in Chapter Three. This section of the tutorial examines 
the basic structure underlying a couple of these queries, and then builds new query from scratch. 
 
1. Select the Queries icon. This will display the ten existing queries, as shown in the image 
below. Each query name lists the corresponding table, the query, and a brief description of 







Table 10, found on page 70 and reprinted below, displays the subset of studies matching 
three filtering parameters. The filters are actually three separate query functions, each with 
a separate set of filtering parameters. 
 
Table 10. Subset of studies matching three filtering parameters. 
Filter n % Study subset 
All studies 110 100%  
Lab-based 53 48%  
Lab-based + 
Between-groups 
13 12%  
Lab-based + 
Between-Groups + 
Novice vs. Experts 




2. Double-click to view the results of the query “Table 10. Q1. Lab-based”. The query filtered 
CartoBase to isolate all lab-based user studies. The results table displays two fields: the 
StudyID of each of the 53 lab-based studies, and the StudySetting2 field, all of which 
display “Lab.”  
 
3. Close the query results table. 
 






As the image below shows, the query was constructed using just two fields from the Study 
Parameters table (StudyID and StudySetting2), and one filtering criterion (StudySetting2 





5. Close the query. 
 
6. Double-click to view the results of the query “Table 10. Q3. Lab + Btwn Groups + 
Expertise”. This displays the three user studies from Table 10 that match the three filtering 
criteria. The results table displays four fields: the StudyID of each study, StudySetting2 




7. Close the results table. 
 





To combine data from two separate tables, a query must identify which fields from each 
table are “related.” The image above uses a line with extenders to indicate which two fields 
(StudyID and StudyID) are joined to establish the relationship. Most CartoBase 
relationships are based on the StudyID field, which appears in every data table. Filter fields 
from either data table may be selected once they are joined. This query uses two additional 
filtering criteria besides StudySetting2 = ‘Lab’: StudyDesign = ‘Between Groups’ and 
LevelOfExp = ‘Nov_vs_Exp’.  
 
9. Close the query. 
 
10. Now the tutorial will demonstrate how to build a new query from scratch. This query will 
produce the results that appear in Table 16 from Chapter Four, page 110, reprinted below. 
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Table 16 lists the subset of CartoBase studies matching three Case Study filters. Here we 
will create the query which identified those final two studies. 
 
Table 16. Subset of CartoBase studies matching the Case Study filters. 
Filter n % Study subset 
All CartoBase studies 110 100%  
Best Practice Criteria 
(assesses GIS proficiency) 
16 15%  
Relevant Contextual Information 
(college-aged; approx. half hour length; novice vs. experts) 
13 12%  
Best Practice Criteria + 
Relevant Contextual Information 
2 2% Hope and Hunter 2007; 
Opach et al. 2014 
 
 
11. From the Tasks submenu, select “Create Query in Design View…” which will open up a 





The query will use the following data tables, fields, and filtering criteria: 
 
Tables    Fields    Filtering Criteria 
Assessments Details  Study ID   n/a 
Assessments Details  User Diff Category  Expertise 
 Assessments Details  User Diff Detail   GIS 
Sample Information  UnivStudents   Yes & Partial 
User Differences Overview LevelOfExp   Nov_vs_Exp 
Study Parameters   Length2    > 10 & < 59 
 
12. First, add four tables to the Query Form: Assessments Details, Sample Information, User 
Differences Overview, and Study Parameters. To add each table, select it from the menu 





13. Once the tables are added to the graphical table pane, click-and-drag to move or resize 







14. Now define the table relationships by joining the related fields. To achieve this, click and 
drag the mouse cursor from the StudyID of one table and release on the StudyIDs of the 











16. Once the tables are all linked, add the desired fields to the query. In the subsequent steps, 
you will click and drag each of the six data fields into the blank columns of the Query 
Dialog Box.  
 
17. Start with the StudyID from the Assessments Details. Drag and drop it into the empty field 




18. Change the Sort option for StudyID to “ascending”. This field will remain blank until you 





19. Next, drag and drop each of the remaining five query fields:  
 
Tables    Fields   What it queries 
Assessments Details  User Diff Category All assessments of expertise  
Assessments Details  User Diff Detail   All assessments of GIS proficiency 
Sample Information  UnivStudents   All studies that used university students  
User Differences Overview LevelOfExp   Comparisons of novice vs. expert users 
Study Parameters   Length2   Average time of study in minutes 
 







20. Type in the filtering criteria displayed in the image below. LibreOffice automatically adds 
tic marks once a field has been filled. There are multiple conditions, so multiple criterion 
rows will be filled. 
 
Fields   Criterion Purpose of filter 
User Diff Category Expertise retains studies that assessed expertise  
User Diff Detail   GIS  retains assessments of GIS proficiency 
UnivStudents   Yes & Partial retains studies that used university students  
LevelOfExp   Nov_vs_Exp retains studies that compared novice and expert users 





21. Click on the Save icon (the disk in the upper-left of the window) to save the query. Name 
it “Table 16. Q3. Criteria + Study Context v2” for easy identification. 
 
22. While this query was created using the graphical user interface, the exact same query can 
be constructed and/or edited using SQL. To view this, select the “Switch Design View 







For legibility, I have reformatted the code below:  
 
SELECT "Assessments Details"."StudyID", "Assessments Details"."User Diff 
Category", "Assessments Details"."User Diff Detail", "Sample 
Information"."UnivStudents", "User Differences Overview"."LevelOfExp", "Study 
Parameters"."Length2"  
 
FROM "User Differences Overview", "Assessments Details", "Sample Information", 
"Study Parameters"  
   
WHERE "User Differences Overview"."StudyID" = "Assessments 
Details"."StudyID"  
 
AND "Sample Information"."StudyID" = "Assessments Details"."StudyID"  
AND "Study Parameters"."StudyID" = "Assessments Details"."StudyID"  
AND "Study Parameters"."StudyID" = "Sample Information"."StudyID"  
AND "User Differences Overview"."StudyID" = "Sample Information"."StudyID"  
AND "Study Parameters"."StudyID" = "User Differences Overview"."StudyID"  
AND ( "Assessments Details"."User Diff Category" = 'Expertise'  
AND "Assessments Details"."User Diff Detail" = 'GIS' 
AND "Sample Information"."UnivStudents" = 'Yes'  
AND "User Differences Overview"."LevelOfExp" = 'Nov_vs_Exp'  
AND ( "Study Parameters"."Length2" > '10' OR "Study Parameters"."Length2" 
< '59' )  
     
OR "Assessments Details"."User Diff Category" = 'Expertise' 
AND "Assessments Details"."User Diff Detail" = 'GIS'  
AND "Sample Information"."UnivStudents" = 'Partial'  
AND "User Differences Overview"."LevelOfExp" = 'Nov_vs_Exp'  
AND "Study Parameters"."Length2" > '10'  
 
 OR "Assessments Details"."User Diff Category" = 'Expertise' 
  AND "Assessments Details"."User Diff Detail" = 'GIS'  
  AND "Sample Information"."UnivStudents" = 'Partial'  
  AND "User Differences Overview"."LevelOfExp" = 'Nov_vs_Exp'  
  AND "Study Parameters"."Length2" < '59' )  
 

















23. Run the Query by clicking on the “Run Query” icon at the top of the toolbar. A new window 
will open displaying the two user studies matching the selected filtering criteria. As the 
image below shows, these studies match the ones identified in Table 16. 
 
 
 
